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ABSTRACT
The Milky Way is one of the very few spiral galaxies known to host large-scale magnetic field
reversals. The existence of the field reversal in the first Galactic quadrant near the Sagittarius
spiral arm has been well established, yet poorly characterised due to the insufficient number
of reliable Faraday depths (FDs) from extragalactic radio sources (EGSs) through this reversal
region. We have therefore performed broadband (1–2GHz) spectro-polarimetric observations
with the Karl G. Jansky Very Large Array (VLA) to determine the FD values of 194 EGSs
in the Galactic longitude range of 20◦–52◦ within ±5◦ from the Galactic mid-plane, covering
the Sagittarius arm tangent. This factor of five increase in the EGS FD density has led to the
discovery of a disparity in FD values across the Galactic mid-plane in the Galactic longitude
range of 40◦–52◦. Combined with existing pulsar FD measurements, we suggest that the
Sagittarius arm can host an odd-parity disk field. We further compared our newly derived
EGS FDs with the predictions of three major Galactic magnetic field models, and concluded
that none of them can adequately reproduce our observational results. This has led to our
development of new, improved models of the Milky Way disk magnetic field that will serve as
an important step towards major future improvements in Galactic magnetic field models.
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1 INTRODUCTION
The magnetic field is an essential constituent of the interstellar
medium. The ∼ µG field present in galaxies is believed to have
substantial effects on star formation, propagation of cosmic ray
particles, galactic outflows, and evolution of galaxies (e.g., Beck &
Wielebinski 2013; Beck 2016). The study of the global magnetic
field of the Milky Way is particularly interesting, since we have a
unique perspective of its structure from within. It also allows us
to attain a resolution in physical scale that is challenging to match
with studies of external galaxies (e.g., Kierdorf et al. 2020; Lopez-
Rodriguez et al. 2020).
The magnetic field of galaxies, including that of the Milky
Way, can be modelled as the sum of several components (see, e.g.,
Haverkorn 2015; Beck 2016). In terms of physical scales, the galac-
tic magnetic field can be roughly divided into a large-scale field
with coherence length of the order of the size of the galaxy (∼ 1–
10 kpc), and a small-scale field with coherence length of . 0.1 kpc.
Meanwhile, the field can also be separated into components occupy-
ing different spatial volumes: the disk component that dominates the
galactic disk, and the halo component that fills the galactic halo. The
distinction in magnetic field properties (such as the strength, geom-
? Contact e-mail: jackieac53@gmail.com
etry, and coherence length) between these components is primarily
due to differences in their generation mechanisms.
The α-Ω dynamo is the leading theory for the ordering process
of the large-scale disk fields in galaxies (e.g., Ruzmaikin et al. 1988),
and was developed from pioneering works in the 1970s (e.g., Parker
1971; Stix 1975; White 1978). On the other hand, the small-scale
disk fields can be generated by a small-scale dynamo (Kazantsev
1968, see also Beresnyak & Lazarian 2015) or from the tangling
of the large-scale field, both as the result of violent astrophysical
phenomena such as supernova explosions (e.g., Norman & Ferrara
1996; Mac Low & Klessen 2004; Haverkorn et al. 2008) or galactic
spiral shocks (e.g., Kim et al. 2006). The origin of the halo field is
still under active debate. It could have been generated by a dynamo
in the galactic halo (Sokoloff & Shukurov 1990), or it could have
originally been the disk field and was subsequently transported by
galactic outflows to the halo (e.g., Brandenburg et al. 1993; Heald
2012; Krause 2019).
One common way to measure the magnetic field of the Milky
Way is by radio polarisation observations of background extragalac-
tic radio sources (EGSs; e.g., Simard-Normandin&Kronberg 1980;
Brown & Taylor 2001; Brown et al. 2007; Taylor et al. 2009; Stil
et al. 2011; Van Eck et al. 2011; Mao et al. 2012). As the po-
larised emission propagates through the foreground magneto-ionic
medium, it can experience the Faraday rotation effect, causing a
© 2020 The Authors
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change in the polarisation position angle (PA; [rad]) given by
∆PA =
[
0.812
∫ 0
l
ne(s)B‖(s) ds
]
· λ2 ≡ FD · λ2, (1)
where l [pc] is the physical distance to the EGS, ne [cm−3] and B‖
[µG] are the thermal electron number density and the strength of the
magnetic field projected along the line of sight (s), respectively, λ
[m] is the wavelength of the polarised emission, and FD [radm−2]
is the Faraday depth of the EGS. The obtained FD values carry
information about the foreground magnetic field strength as well as
its direction, with magnetic fields pointing towards or away from
the observer leading to positive or negative FD values, respectively.
Traditionally, the FD of a polarised source is obtained from a linear
fit to the measured PA in λ2 space, and for such cases the FD is
often referred to as the rotationmeasure (RM)1 instead. Thismethod
implicitly assumes that the polarised source is Faraday simple and
emits at a single FD only. With the advent of broadband capabilities
of radio telescopes, algorithms that can uncover emission from
multiple FDs such as RM-Synthesis (Brentjens & de Bruyn 2005)
and Stokes QU-fitting (Farnsworth et al. 2011; O’Sullivan et al.
2012) are becoming the new standard for determining FD values of
polarised target sources.
By measuring the FD values of numerous polarised sources
behind an astrophysical object of interest, one forms an FD grid
that can be utilised to measure the magnetic field structure of the
foreground object (e.g., Gaensler et al. 2005; Harvey-Smith et al.
2011; Van Eck et al. 2011; Mao et al. 2017; Betti et al. 2019;
Shanahan et al. 2019). Specifically for the Milky Way, the large-
scale magnetic field can be revealed by spatial averaging of EGS
FDvalues at an angular scale of∼ 1◦ (e.g., Sun et al. 2008;Mao et al.
2010; Van Eck et al. 2011; Mao et al. 2012). Similar studies of the
Milky Way magnetic field can be performed using Galactic pulsars
as the background polarised sources (e.g., Thomson&Nelson 1980;
Noutsos et al. 2008; Han et al. 2018; Sobey et al. 2019), with the
pulsars at different distances offering a tomographic view of the
structure of the Galactic magnetic field. However, these studies are
usually confined to the Milky Way disk where the pulsar number
density is high, and are currently limited by the number of pulsars
with both measured FD values and reliably determined distances
(e.g., Han 2017). There are also recent efforts in exploiting nearby
H ii regions as depolarising screens to measure the magnetic field in
the solar neighbourhood from diffuse Galactic emission (Thomson
et al. 2019).
It is generally agreed that the large-scale disk field of theMilky
Way is directed clockwise when viewed from the North Galactic
Pole, with at least one reversal of the field direction near the Sagit-
tarius spiral arm in the first Galactic quadrant (Simard-Normandin
& Kronberg 1980; Thomson & Nelson 1980; Rand & Lyne 1994;
Vallée 2005; Sun et al. 2008; Van Eck et al. 2011; Jansson & Farrar
2012; Ordog et al. 2017; Han et al. 2018). Such a magnetic field
configuration is rarely seen among spiral galaxies (see Krause et al.
1989; Beck & Wielebinski 2013; Beck 2016; Stein et al. 2019).
It has been suggested by numerical simulations (Moss et al. 2012;
Moss & Sokoloff 2013) that such large-scale magnetic field rever-
sals can emerge from α-Ω dynamo and survive for ∼ Gyr, provided
that the initial turbulent seed field is strong (close to equipartition)
and the α-Ω dynamo is efficient (e.g., from a strong differential
rotation). An accurate knowledge of the large-scale field reversals
1 To maintain a consistent notation, RM values from previous works are
referred to as FD throughout this paper.
of the Milky Way at the present epoch can allow us to trace back
the physical conditions of the Milky Way to its infancy stages of the
magnetic field evolution (see, e.g., Moss & Sokoloff 2013).
However, theMilkyWaymagnetic fieldmodels in the literature
have not yet converged on the exact details of such large-scale field
reversals, including the number, location, field strength, and mag-
netic pitch angle (see, e.g., Haverkorn 2015, for summary). This
is at least partially due to the lack of reliable EGS FD measure-
ments towards Galactic volumes hosting such complex magnetic
field structures. In this study, we contribute to this problem by in-
creasing the number of measured EGS FD values in a region of the
Galactic disk.
We identified a sky region of 20◦–52◦ in Galactic longitude (`)
and within ±5◦ in Galactic latitude (b) that we will focus on in this
study. Part of this region intercepts the large-scale magnetic field
reversal region of the Sagittarius arm mentioned above. Our chosen
region has only 43 reliable FD measurements (one per 7.3 deg2)
from Van Eck et al. (2011), determined from legacy Very Large
Array (VLA) observations at 1.4GHz in spectral line mode that
mitigated the npi-ambiguity issue. Although in this same sky area
there are 106 reported FD values (one per 3.0 deg2) from the Taylor
et al. (2009) catalogue, their FD values were deemed unreliable in
this particular sky region due to the npi-ambiguity problem (Ma
et al. 2019a). A new, deep EGS FD grid is clearly necessary to
unveil the complex magnetic field structure in this sky region.
We performed broadband spectro-polarimetric observations in
L-band (1–2GHz) with the Karl G. Jansky Very Large Array (VLA)
to determine the FD values of 194 EGSs in our region, resulting
in an EGS FD density of one per 1.6 deg2. This is almost a factor
of five increase from that of Van Eck et al. (2011). Our goal is
to carefully study the complex Milky Way magnetic field structure
there. We present the EGS source selection criteria in Section 2,
and describe the details of the observations and data reduction
procedures in Section 3. In Section 4, we show our RM-Synthesis
results, and interpret the newly derived EGS FD values in Section 5.
We conclude our findings in Section 6.
2 TARGET SOURCE SELECTION CRITERIA
In this study, we focus on the large-scale magnetic field near the
Galactic mid-plane (|b| 6 5◦) in the Galactic longitude range of
20◦ 6 ` 6 52◦. This chosen region intercepts the large-scale mag-
netic field reversal near the Sagittarius arm mentioned above in
Section 1. The lower limit in longitude was placed to exclude the
complex Galactic centre region (e.g., Roy et al. 2008; Law et al.
2011; Paré et al. 2019, see also Haverkorn 2015; Han 2017), while
the upper limit joins the Canadian Galactic Plane Survey (CGPS;
Taylor et al. 2003) that has been used to derive FD values for Galac-
tic magnetism studies (Brown et al. 2003; Ordog et al. 2017). The
imposed range of Galactic latitude ensures a complete coverage
of the Milky Way disk field – at a distance of 28.5 kpc to the far
side of our Galaxy, |b| = 5◦ corresponds to a Galactic height of
|z | = 2.5 kpc, well covering the scale heights of thermal electrons
(≈ 1.3–1.8 kpc; Gaensler et al. 2008; Schnitzeler 2012) and the
disk magnetic field (≈ 1–2 kpc; Jansson et al. 2009; Kronberg &
Newton-McGee 2011).
The target EGSs2 were selected using two criteria. Firstly, we
chose sources from the original NVSS catalogue (Condon et al.
2 Known Galactic sources were identified and excluded from observations.
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1998) based on their listed polarisation properties: debiased po-
larised intensity (PI; Wardle & Kronberg 1974) of more than 4σ,
and polarisation fraction (p) of more than 0.5 per cent. These en-
sure that an adequate signal-to-noise (S/N) ratio in polarisation
can be reached within a reasonable per-source integration time
(. 5minutes), and that unpolarised sources that falsely appear as
polarised due to residual off-axis instrumental polarisation are not
included. These target sources will be referred to as theNVSS targets
from hereon. Secondly, we further included all EGSs in the Taylor
et al. (2009) catalogue that were not already selected as NVSS
targets, and will refer to them as the Taylor et al. (2009) targets.
While both the original NVSS catalogue and the Taylor et al.
(2009) catalogue were derived from the same NVSS data (Con-
don et al. 1998), they were processed differently and are therefore
sensitive to different populations of polarised EGSs. The original
NVSS catalogue combined the two 42MHz-wide sub-bands centred
at 1364.9 and 1435.1MHz, while the Taylor et al. (2009) catalogue
processed them independently. This makes the original NVSS more
sensitive to low-PI EGSs than Taylor et al. (2009) in general. How-
ever, for the same reason the Taylor et al. (2009) catalogue is less sus-
ceptible to bandwidth depolarisation, with the observed PI reduced
by more than 50 per cent for sources with |FD| & 600 radm−2.
This is much greater than the |FD| & 220 radm−2 for the original
NVSS catalogue. In other words, the Taylor et al. (2009) catalogue
is much more sensitive to the high |FD| population, which is essen-
tial for our study since the |FD| values of EGSs within our region
of interest can reach & 600 radm−2 (e.g., Van Eck et al. 2011).
We note the recent discovery of EGSs with extremely high |FD|
(up to 4000 radm−2) towards the Sagittarius arm tangent that are
believed to trace the compressed warm ionised medium (Shanahan
et al. 2019). This does not impact our study here focusing on the
Galactic-scale magnetic field, but must be taken into account to
obtain a complete picture of the magnetism of the Milky Way (see
Section 5.7).
Finally, we identified targets that lie within 2′ from each other.
These close-by targets were grouped together and were then ob-
served by a single pointing to optimise the granted observing time.
We made sure that off-axis instrumental polarisation did not affect
our final results (see Section 4).
3 OBSERVATIONS AND DATA REDUCTION
We performed new broadband spectro-polarimetric observations of
the 176 on-axis targets using the VLA in L-band (1–2GHz) in D-
array configuration under project code 18A-332. The project was
divided into seven observing blocks executed on 2018 September
1–10. In all observing blocks, 3C 286 was observed and used as the
absolute flux, bandpass, and PA calibrators, while J1407+2827 was
chosen as the unpolarised on-axis leakage calibrator. Depending on
the observing block, either J1822−0938, J1859+1259, J1941+1026,
or J1942+1026 was used as the phase calibrator. The observations
totalled 15 hours, with an integration time of 3–5minutes on each
on-axis target.
The Common Astronomy Software Applications (CASA) pack-
age (version 5.3.0; McMullin et al. 2007) was used for all data
reduction procedures. Measurement sets from the seven observ-
ing blocks were independently calibrated. We first applied Hanning
smoothing to all visibility data in frequency space to remove the
Gibbs phenomenon. Corrupted data due to radio frequency interfer-
ence (RFI) or phase instabilities were then flagged. Afterwards, we
performed antenna position, delay, absolute flux, bandpass, com-
plex gain, on-axis instrumental polarisation, and polarisation PA
calibrations. Specifically, we followed the Perley & Butler (2013a)
and Perley & Butler (2013b) scales for the flux density and PA of
3C 286, respectively. Finally, phase self calibration solutions were
determined for each on-axis target for one iteration, but were ap-
plied only if they led to significant improvements in the image rms
noise (reduction by more than 10 per cent).
The calibrated data from above were used to form channel im-
ages of the on-axis targets in Stokes I, Q, and U across L-band. We
binned visibility data in 4MHz channels to form the channel images
instead of using the native 1MHz channel width. This improved the
per-channel S/N ratio (by a factor of two) without significant loss
of information, as the Hanning smoothing procedure above had al-
ready reduced the effective spectral resolution by a factor of two.We
formed the images using the CASA task TCLEAN, adopting a Briggs
visibilities weighting of robust = 0 (Briggs 1995) to balance be-
tween angular resolution and image rms noise. Deconvolution of
the dirty images was performed using the Clark algorithm, and no
further smoothing was applied to the resulting channel images as
we did not directly combine them. Lastly, primary beam corrections
were performed to all images. The typical angular resolution of the
images is 50′′ × 42′′ at 1.5GHz, and the typical rms noise of the
channel images near pointing centres in Stokes I, Q, and U are 4.3,
1.4, and 1.5mJy beam−1, respectively.
We further identified off-axis targets near our 176 on-axis tar-
gets by consulting the NVSS catalogue (Condon et al. 1998). These
off-axis targets include, but are not limited to, the close-by targets
described at the end of Section 2. All sources that are within 5′
from the pointing centres and have reported NVSS flux densities of
> 20mJy in Stokes I are considered. The primary beam attenuation
level is still close to unity at this 5′ distance (0.86 at 2GHz), and
therefore the image rms noise level is still at an acceptable level
after the primary beam correction. Moreover, we do not expect off-
axis instrumental polarisation to significantly alter the astrophysical
polarisation signals within this 5′ radius. This has been carefully
assessed to make sure that our conclusions are not affected (see
Section 4).
The images of each source were examined carefully, leading
us to discard 15 of the target sources (both on- and off-axis). These
sources were not confidently detected even in Stokes I, either be-
cause they were too faint or they were affected by poor image
fidelity due to bright neighbouring sources. Furthermore, some of
the off-axis targets were not clearly spatially distinguished from
the corresponding on-axis targets in our images. For such cases,
we extracted their combined flux densities (in Stokes I, Q, and U)
below instead of separating them. We list both the discarded and
spatially blended sources in Appendix A in the Online Supporting
Information.
The flux densities of our target sources in Stokes I, Q, and
U were extracted by two different methods, depending on whether
they were spatially unresolved or extended. For unresolved sources,
we used the CASA task IMFIT to obtain the integrated flux densities.
Specifically, we used a 2D Gaussian function for each target and
frequency channel, with its size and orientation fixed to that of the
corresponding image’s synthesised beam. The source’s position in
each channel image in Stokes I was then fitted for, and this position
(along with size and orientation) was subsequently fixed to obtain
the integrated flux densities in Stokes I, Q, and U. For extended
sources, we first formed Stokes I images of them using the entire
usable L-band with themulti-frequency synthesis (MFS) algorithm.
Contours of 3σ level enclosing each of the extended sources were
then defined using the MFS images, and finally the flux densities of
MNRAS 000, 1–21 (2020)
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Table 1. RM-Synthesis Results for On-axis Targets
Target Source ` b FDnew FDVE11 FDTSS09 pnew pTSS09 pNVSS
(NVSS) (◦) (◦) (radm−2) (radm−2) (radm−2) (%) (%) (%)
J184415−131243 20.34 −4.42 −96.0 ± 2.4 — — 3.35 ± 0.13 — 2.54 ± 0.54
J181343−090743 20.49 +4.11 +11.6 ± 6.1 — — 4.42 ± 0.44 — 9.67 ± 2.19
J182038−094716 20.71 +2.29 — — — (0.02) — 0.58 ± 0.08
J183519−111559 21.08 −1.59 −60.4 ± 1.5 −66 ± 12 −23.4 ± 17.6 2.31 ± 0.06 3.02 ± 0.20 2.70 ± 0.22
J181851−090659 21.10 +3.00 +237.6 ± 2.5 — — 4.07 ± 0.16 — 2.13 ± 0.48
J181931−091059 21.12 +2.82 +186.5 ± 2.6 — +204.3 ± 12.5 4.81 ± 0.20 4.85 ± 0.28 2.17 ± 0.33
J183759−112627 21.23 −2.25 −91.0 ± 1.2 −83 ± 4 −75.7 ± 6.0 11.49 ± 0.23 10.10 ± 0.29 8.41 ± 0.47
J183220−103510 21.35 −0.63 — — −27.0 ± 10.4 (0.04) 1.01 ± 0.05 0.21 ± 0.07
J182443−092933 21.44 +1.54 +54.3 ± 3.6 — — 5.81 ± 0.34 — 3.52 ± 0.46
J184606−115808 21.66 −4.26 −182.1 ± 1.5 — −206.1 ± 11.9 2.23 ± 0.05 1.72 ± 0.09 1.36 ± 0.08
J181419−073733 21.88 +4.69 +69.4 ± 2.6 — — 15.93 ± 0.68 — 12.15 ± 2.73
J184059−110139 21.93 −2.72 −19.6 ± 1.6 — — 3.91 ± 0.10 — 2.85 ± 0.51
J182503−085445 22.00 +1.74 +164.8 ± 1.1 — +148.0 ± 9.1 9.88 ± 0.18 9.37 ± 0.41 6.19 ± 0.61
J182542−083723 22.33 +1.73 +42.9 ± 1.9 +40 ± 13 +56.3 ± 11.9 3.25 ± 0.10 2.49 ± 0.15 2.58 ± 0.19
J183942−101038 22.54 −2.05 +127.8 ± 1.9 — +146.9 ± 14.1 8.87 ± 0.27 7.97 ± 0.52 6.96 ± 0.82
J184750−110658 22.61 −4.25 −47.2 ± 1.3 — −71.2 ± 7.7 7.32 ± 0.15 6.80 ± 0.25 5.87 ± 0.33
J184911−111241 22.68 −4.59 −0.7 ± 2.6 — — 2.24 ± 0.09 — 2.14 ± 0.33
J182530−080945 22.71 +1.99 −150.1 ± 4.4 — — 3.30 ± 0.23 — 1.83 ± 0.39
J184812−105133 22.88 −4.22 +33.5 ± 2.4 — — 16.61 ± 0.65 — 10.79 ± 2.47
J184552−103126 22.93 −3.56 −1.2 ± 1.7 — — 13.08 ± 0.37 — 4.23 ± 0.93
J181949−065524 23.15 +3.81 +126.1 ± 4.7 — +77.4 ± 19.4 2.44 ± 0.18 2.10 ± 0.17 1.28 ± 0.25
J182537−073729 23.20 +2.21 −58.0 ± 1.3 −62 ± 13 −81.1 ± 13.7 2.20 ± 0.05 2.18 ± 0.13 1.92 ± 0.19
J182431−072714 23.23 +2.53 +27.7 ± 1.0 — +13.9 ± 5.7 6.43 ± 0.11 6.88 ± 0.18 6.05 ± 0.30
J182920−073400 23.68 +1.42 +360.4 ± 3.0 — +332.6 ± 16.6 7.48 ± 0.37 7.03 ± 0.49 −0.30 ± 0.77
J184644−094654 23.68 −3.41 +90.5 ± 1.7 — +96.5 ± 10.1 5.60 ± 0.16 5.13 ± 0.25 4.30 ± 0.30
J184547−093821 23.70 −3.14 +190.4 ± 6.3 — — 5.60 ± 0.57 — 2.16 ± 0.36
J183052−074402 23.71 +1.01 +517.8 ± 1.8 — +518.1 ± 18.9 11.37 ± 0.33 6.90 ± 0.60 3.61 ± 1.08
J182043−062415 23.71 +3.86 −14.3 ± 2.3 — — 6.41 ± 0.24 — 6.51 ± 0.79
J185239−101324 23.95 −4.91 +65.5 ± 1.5 — +45.8 ± 9.5 4.35 ± 0.11 5.84 ± 0.22 5.97 ± 0.76
J183902−083023† 23.95 −1.14 +526.6 ± 0.4 — −119.6 ± 5.5 12.63 ± 0.09 8.40 ± 0.22 6.67 ± 0.42
J182104−060915 23.98 +3.90 −6.0 ± 4.2 — — 4.44 ± 0.30 — 3.71 ± 0.54
J183321−073121 24.18 +0.56 +776.8 ± 3.1 — — 1.23 ± 0.06 — 0.69 ± 0.13
J183409−071802 24.47 +0.49 — — −10.0 ± 4.4 (0.02) 0.85 ± 0.02 0.16 ± 0.05
J185030−090659 24.70 −3.94 +172.0 ± 0.8 — +151.3 ± 5.7 6.53 ± 0.09 5.65 ± 0.15 3.15 ± 0.19
J184249−075604† 24.89 −1.71 +935.2 ± 2.0 — +160.8 ± 5.2 6.18 ± 0.20 2.13 ± 0.06 0.62 ± 0.06
J182351−052429 24.96 +3.63 +17.4 ± 5.3 — — 7.32 ± 0.63 — 11.46 ± 1.49
J182111−050219 24.98 +4.39 +186.8 ± 6.2 — — 2.02 ± 0.20 — 1.19 ± 0.20
J184629−081333 25.05 −2.65 +476.1 ± 1.0 +491 ± 8 — 6.09 ± 0.10 — 2.13 ± 0.40
J182013−042541 25.41 +4.89 +68.9 ± 1.0 — +59.9 ± 5.5 5.04 ± 0.08 4.19 ± 0.11 4.35 ± 0.18
J184511−060146 26.85 −1.36 +117.4 ± 2.3 — — 7.61 ± 0.29 — 4.67 ± 0.84
J183253−042628 26.86 +2.09 +188.8 ± 1.7 — — 3.60 ± 0.10 — 2.06 ± 0.40
J182634−030927 27.27 +4.08 +225.5 ± 1.7 — +164.7 ± 9.5 3.96 ± 0.11 3.42 ± 0.14 1.84 ± 0.18
J183847−040042 27.92 +0.98 +312.3 ± 0.6 — +287.1 ± 8.2 4.08 ± 0.04 2.82 ± 0.08 0.54 ± 0.09
J183400−030340 28.22 +2.48 +162.8 ± 9.7 — — 0.33 ± 0.05 — 0.71 ± 0.16
J185054−050942 28.27 −2.23 +583.9 ± 1.1 +577 ± 10 — 4.48 ± 0.08 — 2.14 ± 0.25
J184415−041757 28.29 −0.36 +51.8 ± 7.1 — — 0.41 ± 0.05 — 0.83 ± 0.17
J185523−053804 28.36 −3.44 +173.7 ± 1.2 — — 12.03 ± 0.23 — 6.16 ± 1.00
J183652−024606 28.81 +1.97 +571.5 ± 2.8 — — 1.06 ± 0.05 — 0.99 ± 0.24
J185744−052527 28.81 −3.87 +232.7 ± 1.5 — +222.8 ± 13.5 11.12 ± 0.27 9.14 ± 0.68 3.64 ± 0.62
J183939−030047 28.91 +1.24 +675.0 ± 0.8 — +639.4 ± 10.7 9.59 ± 0.13 4.41 ± 0.22 5.03 ± 0.47
J183717−015034 29.68 +2.30 +307.8 ± 0.9 — +284.2 ± 9.1 3.53 ± 0.05 1.90 ± 0.08 0.39 ± 0.15
J182900−002018 30.07 +4.84 −56.8 ± 3.3 — — 2.00 ± 0.11 — 1.67 ± 0.34
J184124−015255 30.11 +1.37 +20.4 ± 2.0 — +338.7 ± 10.7 0.87 ± 0.03 1.10 ± 0.06 0.22 ± 0.14
J183840−012957 30.14 +2.16 +345.9 ± 1.1 — +326.6 ± 7.1 6.56 ± 0.11 8.33 ± 0.25 0.38 ± 0.38
J183551−005941 30.27 +3.01 +157.2 ± 0.7 — +152.5 ± 11.6 6.94 ± 0.08 5.65 ± 0.28 3.54 ± 0.35
J190014−033504 30.74 −3.59 +554.9 ± 1.8 — — 3.05 ± 0.09 — 1.42 ± 0.34
J184959−013256 31.39 −0.38 +216.9 ± 3.5 — −7.5 ± 9.9 0.37 ± 0.02 0.77 ± 0.03 0.25 ± 0.04
J183838+000858 31.60 +2.92 +115.3 ± 1.8 — — 3.56 ± 0.10 — 2.34 ± 0.38
NOTE – FDnew and pnew from this work; FDVE11 from Van Eck et al. (2011); FDTSS09 and pTSS09 from Taylor et al. (2009); and
pNVSS from Condon et al. (1998).
 Situated behind the prominent H ii structure G26.5
† Suffers from npi-ambiguity in Taylor et al. (2009)
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Table 1. (Continued) RM-Synthesis Results for On-axis Targets
Target Source ` b FDnew FDVE11 FDTSS09 pnew pTSS09 pNVSS
(NVSS) (◦) (◦) (radm−2) (radm−2) (radm−2) (%) (%) (%)
J183418+004852 31.70 +4.18 +80.3 ± 0.6 — +58.6 ± 6.4 6.82 ± 0.07 7.44 ± 0.23 6.73 ± 0.45
J183931+001447 31.79 +2.76 +216.7 ± 1.8 — — 8.97 ± 0.26 — 5.17 ± 0.86
J183307+011535 31.97 +4.65 +372.7 ± 1.3 — +315.4 ± 11.7 1.66 ± 0.03 1.97 ± 0.10 0.23 ± 0.14
J183437+010519 31.98 +4.24 +72.3 ± 1.5 — — 5.61 ± 0.14 — 3.59 ± 0.70
J185822−013654 32.28 −2.28 +558.3 ± 2.1 — — 1.12 ± 0.04 — 0.68 ± 0.15
J184704−000446 32.36 +0.93 +64.3 ± 1.8 — +54.1 ± 15.3 2.34 ± 0.07 2.11 ± 0.13 2.21 ± 0.24
J190833−023000 32.65 −4.95 +124.2 ± 1.7 — — 3.21 ± 0.09 — 1.92 ± 0.39
J183511+014620 32.66 +4.42 +209.7 ± 0.3 — +196.9 ± 4.4 9.74 ± 0.05 6.29 ± 0.14 3.53 ± 0.18
J183337+020355 32.74 +4.91 +194.0 ± 6.7 — — 0.27 ± 0.03 — 0.87 ± 0.15
J184821+001108 32.75 +0.77 −145.7 ± 1.3 — −107.2 ± 5.2 5.17 ± 0.11 11.26 ± 0.32 11.32 ± 0.64
J185351−002508† 32.84 −0.73 +374.7 ± 0.8 — −341.3 ± 10.0 6.22 ± 0.08 4.62 ± 0.22 −0.11 ± 0.34
J185751−004817† 32.95 −1.80 +737.6 ± 4.2 — −26.6 ± 10.8 0.37 ± 0.03 1.94 ± 0.10 0.49 ± 0.09
J190042−005151 33.22 −2.46 +411.3 ± 1.3 — +373.4 ± 19.6 3.46 ± 0.07 2.63 ± 0.22 0.90 ± 0.29
J190407−011342 33.29 −3.38 +278.0 ± 1.1 — +211.4 ± 12.3 3.57 ± 0.06 3.28 ± 0.19 1.05 ± 0.24
J185146+003532 33.50 +0.19 −274.0 ± 0.6 — −313.1 ± 3.4 2.82 ± 0.03 3.02 ± 0.05 0.84 ± 0.09
J190832−011929 33.70 −4.41 +188.2 ± 1.8 — — 4.86 ± 0.14 — 3.16 ± 0.64
J184755+012221 33.75 +1.41 +138.0 ± 3.8 — — 3.93 ± 0.24 — 4.26 ± 0.67
J185857+000727 33.90 −1.61 +268.3 ± 1.4 — +240.5 ± 10.6 4.74 ± 0.11 3.79 ± 0.18 0.82 ± 0.28
J190017+000355 34.00 −1.94 +547.1 ± 1.1 — — 2.08 ± 0.04 — 0.85 ± 0.18
J184435+020933 34.07 +2.51 +43.5 ± 2.7 — — 7.25 ± 0.32 — 7.14 ± 1.13
J190831−004855 34.16 −4.17 −14.9 ± 2.5 — — 7.77 ± 0.31 — 6.70 ± 1.57
J191010−005622 34.23 −4.60 −54.7 ± 2.6 — — 8.62 ± 0.37 — 8.44 ± 2.11
J190532−000941 34.40 −3.21 +126.8 ± 1.3 — +114.7 ± 11.9 4.70 ± 0.10 5.30 ± 0.31 4.47 ± 0.47
J190559+000721 34.70 −3.18 +20.6 ± 1.7 — — 2.97 ± 0.08 — 2.50 ± 0.40
J190655+000339 34.75 −3.42 +8.8 ± 2.5 — — 5.41 ± 0.22 — 9.41 ± 2.13
J190741+000038 34.80 −3.61 −73.1 ± 0.8 — −74.2 ± 13.1 5.37 ± 0.07 4.37 ± 0.33 4.17 ± 0.32
J183848+040424 35.13 +4.66 +146.0 ± 1.3 — +129.8 ± 16.1 2.57 ± 0.05 1.15 ± 0.09 0.57 ± 0.10
J185515+021054† 35.31 +0.15 +92.2 ± 1.7 — −553.2 ± 12.5 10.79 ± 0.30 6.38 ± 0.41 7.25 ± 0.69
J191133+001449 35.45 −4.36 −38.3 ± 2.0 — — 6.24 ± 0.20 — 5.37 ± 0.82
J190426+011036 35.46 −2.36 −68.4 ± 2.4 — — 4.87 ± 0.19 — 6.35 ± 1.18
J185114+025939 35.57 +1.41 +177.3 ± 1.4 +175 ± 19 +34.6 ± 14.1 1.75 ± 0.04 4.46 ± 0.30 1.17 ± 0.12
J184320+040256 35.62 +3.65 +31.1 ± 2.0 — — 4.08 ± 0.14 — 3.36 ± 0.59
J190944+005558 35.85 −3.65 +35.7 ± 3.3 — — 3.56 ± 0.19 — 3.63 ± 0.67
J191417+002421 35.91 −4.90 −20.3 ± 1.8 — — 16.25 ± 0.46 — 7.76 ± 1.60
J190712+012709 36.02 −2.84 +193.6 ± 0.7 — +134.7 ± 9.4 2.69 ± 0.03 1.68 ± 0.08 0.91 ± 0.11
J185213+033255† 36.18 +1.44 +185.7 ± 0.9 +188 ± 7 −458.4 ± 8.7 7.03 ± 0.10 5.89 ± 0.22 3.63 ± 0.27
J185837+024518 36.20 −0.34 +161.3 ± 2.8 +132 ± 11 — 5.63 ± 0.26 — 3.21 ± 0.67
J184500+043812 36.33 +3.54 +2.9 ± 2.0 — — 14.33 ± 0.47 — 9.34 ± 1.60
J184604+043450 36.40 +3.28 +34.8 ± 3.0 — — 6.92 ± 0.33 — 4.39 ± 0.70
J185802+031316† 36.55 +0.00 +424.1 ± 0.3 — −241.0 ± 3.6 4.75 ± 0.03 2.17 ± 0.03 0.79 ± 0.05
J185306+044052† 37.29 +1.76 +294.2 ± 0.8 — −367.1 ± 10.6 14.53 ± 0.20 11.22 ± 0.61 3.24 ± 1.19
J184718+055022 37.67 +3.57 +123.4 ± 6.4 — — 3.09 ± 0.32 — 5.43 ± 1.18
J184438+062651 37.91 +4.44 +200.6 ± 2.1 — +179.0 ± 16.1 5.32 ± 0.18 4.34 ± 0.31 2.16 ± 0.34
J191406+025549 38.13 −3.70 +545.8 ± 3.1 — — 5.30 ± 0.27 — 3.09 ± 0.78
J184432+064257 38.14 +4.58 +213.7 ± 0.5 — +183.7 ± 6.3 2.75 ± 0.02 2.47 ± 0.07 1.35 ± 0.08
J185513+052158† 38.14 +1.60 +369.9 ± 0.9 — −325.5 ± 10.5 7.68 ± 0.12 6.29 ± 0.31 −0.16 ± 0.52
J184919+063211 38.52 +3.44 +21.9 ± 2.4 — — 12.72 ± 0.49 — 9.67 ± 2.35
J191325+034308† 38.76 −3.18 +348.1 ± 1.2 — −331.6 ± 5.3 4.84 ± 0.09 7.45 ± 0.18 −0.12 ± 0.27
J191849+030442 38.81 −4.67 +70.3 ± 2.0 — −66.1 ± 18.0 1.48 ± 0.05 2.01 ± 0.17 0.29 ± 0.13
J184753+071538 39.00 +4.09 +181.0 ± 1.9 — +169.6 ± 15.7 3.95 ± 0.12 4.75 ± 0.33 3.86 ± 0.47
J190343+055256 39.56 −0.04 +445.6 ± 2.9 — — 1.10 ± 0.05 — 0.76 ± 0.12
J190043+064546† 40.01 +1.03 +384.4 ± 1.1 +380 ± 5 −252.3 ± 13.4 7.69 ± 0.13 6.30 ± 0.39 1.70 ± 0.46
J191725+044236 40.10 −3.61 +83.5 ± 1.5 +107 ± 14 — 2.94 ± 0.07 — 1.97 ± 0.33
J192049+042052 40.17 −4.52 +77.3 ± 1.2 — — 5.68 ± 0.11 — 3.41 ± 0.34
J190734+060446† 40.18 −0.80 +409.6 ± 0.9 — −226.7 ± 15.2 4.11 ± 0.06 2.84 ± 0.19 0.79 ± 0.22
J191840+043932 40.20 −3.91 −18.9 ± 5.1 — — 6.32 ± 0.52 — 9.23 ± 2.24
J184731+090047 40.53 +4.96 +228.0 ± 1.0 — +211.7 ± 8.2 10.07 ± 0.16 10.71 ± 0.40 3.54 ± 0.68
J192258+044354 40.76 −4.82 +125.2 ± 2.2 — — 6.65 ± 0.24 — 2.89 ± 0.72
NOTE – FDnew and pnew from this work; FDVE11 from Van Eck et al. (2011); FDTSS09 and pTSS09 from Taylor et al. (2009); and
pNVSS from Condon et al. (1998).
 Situated behind the prominent H ii structure G26.5
† Suffers from npi-ambiguity in Taylor et al. (2009)
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Table 1. (Continued) RM-Synthesis Results for On-axis Targets
Target Source ` b FDnew FDVE11 FDTSS09 pnew pTSS09 pNVSS
(NVSS) (◦) (◦) (radm−2) (radm−2) (radm−2) (%) (%) (%)
J192243+045126 40.84 −4.71 +129.7 ± 1.7 — — 0.83 ± 0.02 — 0.59 ± 0.08
J191310+064158 41.37 −1.75 +17.5 ± 3.3 — — 4.30 ± 0.23 — 3.34 ± 0.75
J184951+094850 41.51 +4.81 +567.5 ± 1.4 — — 7.45 ± 0.17 — 2.74 ± 0.62
J191917+061942 41.75 −3.27 +35.6 ± 2.6 +53 ± 32 — 1.48 ± 0.06 — 1.20 ± 0.23
J190614+084226 42.36 +0.70 +125.6 ± 2.8 — — 7.03 ± 0.31 — 7.16 ± 1.39
J185557+102011 42.66 +3.70 +570.2 ± 2.0 — — 1.13 ± 0.04 — 0.72 ± 0.16
J192233+071048 42.88 −3.59 +196.8 ± 4.0 +78 ± 20 — 1.67 ± 0.11 — 2.14 ± 0.45
J190741+090717 42.90 +0.57 +706.5 ± 0.9 +703 ± 12 — 3.52 ± 0.05 — 1.51 ± 0.13
J192245+073933 43.33 −3.40 +231.1 ± 2.1 — +187.9 ± 16.3 5.10 ± 0.18 6.46 ± 0.42 2.96 ± 1.04
J192820+070355 43.46 −4.91 +45.6 ± 3.5 — — 2.21 ± 0.13 — 1.97 ± 0.35
J191906+081920 43.49 −2.30 +220.5 ± 0.9 +229 ± 6 +191.5 ± 15.7 9.85 ± 0.15 8.82 ± 0.62 4.31 ± 0.69
J185728+111021 43.57 +3.75 +524.1 ± 0.6 — — 11.04 ± 0.11 — 3.12 ± 0.53
J191641+090147 43.84 −1.44 +509.9 ± 2.1 +505 ± 6 — 14.29 ± 0.49 — 7.99 ± 1.70
J185952+112514 44.06 +3.34 +660.8 ± 2.6 +655 ± 7 — 6.17 ± 0.26 — 2.55 ± 0.57
J190323+112905† 44.51 +2.60 +833.6 ± 0.3 +831 ± 3 +141.3 ± 7.4 17.21 ± 0.08 4.52 ± 0.19 3.56 ± 0.26
J192840+084849† 45.04 −4.15 +528.1 ± 1.0 — −153.4 ± 16.1 2.63 ± 0.04 1.59 ± 0.10 1.56 ± 0.15
J192355+094424 45.31 −2.68 +298.3 ± 1.5 — +282.2 ± 8.7 4.20 ± 0.10 4.29 ± 0.19 0.69 ± 0.23
J185923+125912 45.41 +4.15 +263.6 ± 0.4 — +154.3 ± 2.6 1.88 ± 0.01 1.46 ± 0.02 0.57 ± 0.03
J191005+114748† 45.54 +1.28 +844.7 ± 0.9 — +149.5 ± 11.4 4.41 ± 0.07 1.46 ± 0.07 0.67 ± 0.18
J191000+122524 46.09 +1.59 +771.1 ± 2.4 +783 ± 11 — 3.60 ± 0.14 — 1.31 ± 0.30
J192922+095808† 46.14 −3.76 +19.6 ± 0.6 +24 ± 6 +686.6 ± 7.0 4.59 ± 0.04 3.73 ± 0.12 5.40 ± 0.21
J191733+114215† 46.31 −0.38 −123.8 ± 1.5 −117 ± 8 +529.2 ± 11.6 6.67 ± 0.16 7.98 ± 0.43 7.75 ± 0.72
J190501+132047 46.35 +3.09 +588.0 ± 1.0 +575 ± 10 — 4.93 ± 0.08 — 1.90 ± 0.28
J193434+104340 47.43 −4.52 −288.8 ± 4.5 — — 1.31 ± 0.10 — 1.62 ± 0.40
J190247+145137† 47.46 +4.26 +540.8 ± 1.5 — −143.1 ± 14.7 4.51 ± 0.11 4.15 ± 0.25 2.64 ± 0.35
J193357+105642 47.54 −4.28 −158.6 ± 1.2 — — 4.31 ± 0.08 — 2.56 ± 0.37
J191025+140125† 47.56 +2.24 +541.3 ± 1.5 — −125.1 ± 5.9 3.54 ± 0.08 9.29 ± 0.23 8.24 ± 0.65
J192540+122738 47.91 −1.77 +65.4 ± 2.6 +63 ± 12 — 1.80 ± 0.08 — 2.23 ± 0.44
J190451+152148† 48.13 +4.05 +545.6 ± 0.4 — −117.1 ± 5.1 4.14 ± 0.03 2.10 ± 0.05 1.65 ± 0.09
J190414+153638 48.28 +4.29 +662.7 ± 1.8 — — 2.09 ± 0.06 — 1.03 ± 0.18
J192458+130033 48.31 −1.36 +524.5 ± 6.3 +435 ± 8 — 1.86 ± 0.19 — 1.78 ± 0.43
J190655+152342† 48.39 +3.62 +636.8 ± 0.5 +629 ± 4 −37.5 ± 10.1 12.52 ± 0.10 7.27 ± 0.34 6.66 ± 0.46
J193335+120844 48.56 −3.62 −34.5 ± 2.5 — — 7.90 ± 0.32 — 4.91 ± 1.10
J190355+160147† 48.62 +4.55 +439.8 ± 0.6 — −240.1 ± 12.9 5.98 ± 0.06 3.89 ± 0.21 1.75 ± 0.27
J191644+150349† 49.19 +1.37 +534.5 ± 0.9 +541 ± 10 −145.5 ± 8.8 3.17 ± 0.05 2.36 ± 0.10 1.85 ± 0.13
J192517+135919 49.21 −0.97 +450.9 ± 2.1 +470 ± 7 +442.5 ± 3.6 3.70 ± 0.13 3.78 ± 0.06 1.19 ± 0.09
J190516+163706† 49.30 +4.53 +489.8 ± 0.9 — −219.6 ± 9.2 3.72 ± 0.05 2.19 ± 0.11 1.55 ± 0.13
J193302+131335 49.44 −2.98 −74.3 ± 0.7 — −76.7 ± 4.9 4.20 ± 0.05 3.03 ± 0.07 2.98 ± 0.19
J191133+161431† 49.65 +3.02 +616.0 ± 1.4 — +7.4 ± 14.7 1.67 ± 0.04 1.03 ± 0.06 0.37 ± 0.09
J191158+161147 49.66 +2.91 +711.8 ± 1.3 — — 1.31 ± 0.03 — 0.86 ± 0.13
J190901+163944† 49.75 +3.75 +446.5 ± 0.5 +451 ± 10 −235.4 ± 7.9 3.49 ± 0.03 2.71 ± 0.10 1.28 ± 0.12
J191219+161628† 49.77 +2.87 +751.2 ± 0.6 +751 ± 8 +41.7 ± 8.2 5.45 ± 0.05 2.23 ± 0.09 1.86 ± 0.13
J192835+142156 49.92 −1.49 +127.7 ± 3.6 — — 12.67 ± 0.74 — 14.25 ± 2.27
J192910+141952 49.96 −1.63 +125.0 ± 1.6 — — 8.73 ± 0.23 — 6.06 ± 0.73
J191649+155836† 50.00 +1.77 +393.6 ± 0.8 — −284.9 ± 6.7 6.04 ± 0.08 5.21 ± 0.15 0.76 ± 0.23
J191549+160834 50.04 +2.06 +471.6 ± 1.2 +482 ± 7 — 5.81 ± 0.11 — 2.44 ± 0.42
J194012+125809 50.06 −4.64 −157.2 ± 2.3 — −142.3 ± 11.5 2.65 ± 0.10 4.42 ± 0.24 3.04 ± 0.41
J191414+163640† 50.28 +2.62 +556.9 ± 0.8 +556 ± 8 −123.7 ± 15.9 4.80 ± 0.07 3.16 ± 0.25 2.85 ± 0.25
J192439+154043† 50.63 −0.03 +420.1 ± 0.6 — −178.8 ± 14.9 5.27 ± 0.05 1.74 ± 0.10 0.29 ± 0.16
J193939+134604 50.70 −4.13 −186.4 ± 3.1 — — 3.43 ± 0.17 — 3.28 ± 0.72
J192032+162557 50.82 +1.20 +533.9 ± 1.3 +543 ± 6 — 9.79 ± 0.21 — 5.14 ± 0.81
J192203+162243† 50.95 +0.85 +457.2 ± 1.2 +466 ± 9 −228.1 ± 10.7 3.78 ± 0.07 2.89 ± 0.16 1.30 ± 0.24
J193306+145624 50.95 −2.17 +146.5 ± 1.9 +186 ± 15 +137.0 ± 11.8 2.29 ± 0.06 2.10 ± 0.11 1.68 ± 0.16
J193321+150446† 51.10 −2.16 +353.4 ± 2.6 — −238.9 ± 14.3 1.15 ± 0.05 1.39 ± 0.09 —
J193052+153235 51.22 −1.41 +139.6 ± 1.5 +196 ± 22 — 1.44 ± 0.03 — 1.30 ± 0.09
NOTE – FDnew and pnew from this work; FDVE11 from Van Eck et al. (2011); FDTSS09 and pTSS09 from Taylor et al. (2009); and
pNVSS from Condon et al. (1998).
 Situated behind the prominent H ii structure G26.5
† Suffers from npi-ambiguity in Taylor et al. (2009)
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Table 2. RM-Synthesis Results for Off-axis Targets
Target Source ` b FDnew pnew pNVSS
(NVSS) (◦) (◦) (radm−2) (%) (%)
J183756−112202 21.28 −2.21 — (0.77) 2.11 ± 2.65
J184555−115813 21.64 −4.22 −126.1 ± 2.7 13.74 ± 0.60 2.32 ± 2.64
J182535−083948 22.28 +1.74 +4.8 ± 7.3 9.39 ± 1.12 0.91 ± 2.26
J183931−101336 22.48 −2.03 +141.2 ± 7.5 2.50 ± 0.31 −0.57 ± 0.90
J184906−111430 22.64 −4.59 +42.2 ± 4.3 5.40 ± 0.38 −0.56 ± 1.49
J184808−105535 22.82 −4.23 +16.9 ± 4.0 7.08 ± 0.46 2.28 ± 2.72
J184541−093643 23.72 −3.10 +190.3 ± 1.9 2.74 ± 0.08 1.14 ± 2.13
J185027−091037 24.64 −3.96 +98.0 ± 5.9 0.70 ± 0.07 0.62 ± 0.21
J182058−050223 24.95 +4.44 +67.4 ± 3.4 4.79 ± 0.26 0.53 ± 0.28
J184617−081126 25.05 −2.59 +620.3 ± 6.1 4.46 ± 0.44 1.65 ± 1.48
J182644−030952 27.29 +4.04 +250.3 ± 8.7 4.85 ± 0.69 −0.75 ± 1.64
J183414−030119 28.28 +2.44 +481.0 ± 0.9 4.28 ± 0.06 0.69 ± 0.23
J183701−015140 29.63 +2.36 +307.9 ± 6.8 1.48 ± 0.16 0.32 ± 0.48
J183827−013111 30.10 +2.19 +290.1 ± 3.2 10.03 ± 0.53 −0.21 ± 2.53
J183603−005747 30.32 +2.98 +34.3 ± 4.4 1.84 ± 0.13 1.58 ± 0.71
J183415+004451 31.64 +4.16 +52.0 ± 6.9 2.51 ± 0.28 1.85 ± 0.93
J183935+001547 31.81 +2.76 +167.0 ± 2.7 6.37 ± 0.28 2.02 ± 0.81
J183433+010127 31.92 +4.22 — (0.49) 0.33 ± 2.33
J185807−004834 32.97 −1.86 — (0.19) 0.77 ± 2.25
J190832−005319 34.09 −4.21 +7.0 ± 3.8 11.89 ± 0.73 −1.15 ± 9.39
J190721+012341 35.99 −2.90 +106.3 ± 7.5 2.06 ± 0.22 −0.52 ± 1.83
J185222+033347 36.21 +1.42 +162.9 ± 7.3 5.46 ± 0.65 −0.09 ± 2.03
J191833+043928 40.18 −3.88 +88.6 ± 4.8 6.45 ± 0.50 0.73 ± 1.99
J190616+083858 42.31 +0.67 — (0.25) 0.74 ± 1.18
J192802+070219 43.40 −4.85 +131.3 ± 2.7 8.07 ± 0.36 —
J191630+090223 43.83 −1.39 +544.0 ± 2.6 6.63 ± 0.28 2.71 ± 1.06
J190319+112950 44.51 +2.62 +787.0 ± 2.6 2.15 ± 0.09 0.65 ± 0.24
J190235+145023 47.41 +4.30 +549.9 ± 3.8 3.94 ± 0.24 1.46 ± 1.01
J190653+152650 48.43 +3.65 +506.9 ± 4.9 1.99 ± 0.16 −0.10 ± 0.66
J193328+120953 48.56 −3.59 −96.8 ± 3.2 12.87 ± 0.67 2.16 ± 2.40
J192030+162333 50.78 +1.19 — (0.51) 1.72 ± 2.66
J192032+162429 50.80 +1.19 — (0.52) 1.57 ± 1.92
J192157+162501 50.97 +0.89 — (0.08) −0.22 ± 0.39
NOTE – None of these sources are listed in Taylor et al. (2009) or Van Eck et al. (2011).
FDnew and pnew from this work; and pNVSS from Condon et al. (1998).
 Situated behind the prominent H ii structure G26.5
the extended sources were extracted with these contours using the
CASA task IMSTAT. The Stokes I radio spectra of our target sources
are reported in Appendix B in the Online Supporting Information.
4 ROTATION MEASURE SYNTHESIS RESULTS
Using the lists of Stokes I,Q, andU values across frequency for our
204 sources (171 on-axis plus 33 off-axis) described in Section 3,
we performed RM-Synthesis (Brentjens & de Bruyn 2005) to deter-
mine the FD values of our target EGSs. A python implementation
of RM-Synthesis in CIRADA-Tools3 was used. We used q = Q/I
and u = U/I as the inputs to remove the effect of spectral index
(this implicitly assumes that the total intensity and linear polari-
sation originates from the same emission volume; see Schnitzeler
& Lee 2017; Schnitzeler 2018), and adopted a normalised inverse
noise variance weighting function (e.g., Schnitzeler & Lee 2017)
to produce dirty Faraday spectra within |FD| 6 2000 radm−2 at
steps of 2 radm−2. Deconvolution of the dirty spectra were subse-
quently performed with the RM-Clean algorithm (e.g., Heald et al.
3 Available on https://github.com/CIRADA-Tools/RM.
2009) until the residual spectra fell below 6σ. With our observa-
tional setup, the resolution of the Faraday spectrum, the maximum
detectable scale, and the maximum detectable FD are (equations
61–63 in Brentjens & de Bruyn 2005)
δFD0 ≈ 2
√
3
∆λ2
≈ 123 radm−2, (2)
max-scale ≈ pi
λ2min
≈ 144 radm−2, and (3)
| |FDmax | | ≈
√
3
δλ2
≈ (6–20) × 103 radm−2, (4)
respectively. The quoted range for | |FDmax | | represents the differ-
ence in widths of the 4MHz channels in λ2 space at the two ends of
the usable L-band. As an additional check, we formed another set of
Faraday spectra within |FD| 6 20000 radm−2 to make sure that we
did not miss any polarised components with |FD| > 2000 radm−2.
The Faraday spectra (amplitudes; | |F| |) are presented in Ap-
pendix C in the Online Supporting Information.We only considered
polarised components that are above 6σ in polarisation fraction, and
disregarded signals below this cutoff as manifestations of polarisa-
tion bias (see, e.g., George et al. 2012). The FD and p values of
our target sources were obtained by fitting a second-order polyno-
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Figure 1. EGS FD values from (Top) our new VLA observations and (Bottom)Van Eck et al. (2011) observations, both plotted as colour dots. The background
greyscale map represents the WHAMSS Hα map (Haffner et al. 2003, 2010). The typical uncertainty of our new FD is about 2 radm−2, while that of the
Van Eck et al. (2011) is about 10 radm−2. The orange circle in the top panel outlines a prominent H ii structure, G26.5, and EGSs within this circle were not
considered in our analysis (see Section 5.2).
mial to the highest peak in | |F| | of each source (e.g., Heald et al.
2009; Mao et al. 2010; Betti et al. 2019). Specifically, we fitted
to the seven data points nearest to the highest peak, with the FD
uncertainty calculated by
δFD0
2 · (S/N) (e.g., Mao et al. 2010; Iacobelli
et al. 2013). We did not correct for the Ricean polarisation bias
since we do not expect it to have significant effects for our case with
S/N > 6 (Wardle & Kronberg 1974; George et al. 2012). All these
results from our new VLA observations (FDnew and pnew), along
with their counterparts in the original NVSS catalogue (pNVSS), the
Taylor et al. (2009) catalogue (FDTSS09 and pTSS09), and Van Eck
et al. (2011) observations (FDVE11) are listed in Tables 1 and 2 for
on- and off-axis targets, respectively. We found that three on-axis
and seven off-axis sources are unpolarised in our new observations
(i.e., pnew below our 6σ cutoff). The 1σ values in pnew of these
sources are reported within parentheses in the two Tables. In total,
we derived the FD values of 194 polarised EGSs, with 168 and 26
on- and off-axis targets, respectively. The sky distribution of our
EGS FD is plotted in Figure 1 top panel.
In order to assess the residual leakage signal level present in
our data, we formed Faraday spectra of our unpolarised on-axis
leakage calibrator (J1407+2827) using data from each of the seven
observing blocks. We find that the highest peak out of the seven
Faraday spectra is at a value of p = 0.024 ± 0.007 per cent, much
lower than that of all of our polarised target sources. Note that the
weak polarisation signal we see from J1407+2827 here is likely due
to polarisation bias stemming from random noise fluctuations (e.g.,
George et al. 2012), and therefore serves as an upper limit to the
actual residual on-axis leakage level.
Finally, we verified that our off-axis targets have not been sig-
nificantly affected by the off-axis instrumental polarisation of the
VLA. All these sources are within 5′ from their respective pointing
centres, with a mean distance of 3.′2. For the specific case of the
VLA in L-band, off-axis instrumental polarisation can reach≈ 5 per
cent at the half-power point of the primary beam (≈ 15′ away from
the pointing centre), and is expected to manifest as an instrumen-
tal polarised component with FD ≈ 0 radm−2 (Jagannathan et al.
2017). If we approximate this off-axis instrumental polarisation
beam pattern as a second-order polynomial, the expected off-axis
leakage level at 5′ from the pointing centre would be ≈ 0.5 per cent.
For our polarised off-axis targets (Table 2), we noted that six of
them have |FDnew | 6 0.5 · δFD0 ≈ 60 radm−2, of which NVSS
J183603−005747 has the lowest pnew of 1.84 ± 0.13 per cent. This
is much higher than the 0.5 per cent we estimated above. Therefore,
we conclude that the FD values of our off-axis targets are reliable.
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Figure 2. Comparisons of EGS FD values between our new observations
and (Top) Taylor et al. (2009) and (Bottom)Van Eck et al. (2011). The error
bars are shown but in almost all cases are too small to be noticeable. The
grey solid lines are the lines of equality, and the dashed lines in the top panel
correspond to FD offsets by ±652.9 radm−2 due to npi-ambiguity in Taylor
et al. (2009).
5 DISCUSSION
5.1 Comparisons with Existing Faraday Depth
Measurements
Out of our 168 polarised on-axis targets, 85 were also listed in
the Taylor et al. (2009) catalogue. Upon comparison between our
derived FDnew and their listed FDTSS09 (Figure 2 top panel), we
found that 32 out of the 85 sources (almost 40 per cent) have the
two values differ by more than 500 radm−2. This is most likely
due to the npi-ambiguity issue of the Taylor et al. (2009) catalogue
(see Ma et al. 2019a). Furthermore, we noted two sources (NVSS
J183220−103510 and NVSS J183409−071802) that, despite being
listed as polarised in the Taylor et al. (2009) catalogue at 1.01±0.05
and 0.85 ± 0.02 per cent, respectively, were unpolarised in our new
VLA observations (with pnew lower than 6σ cutoffs of 0.24 and
0.12 per cent, respectively). Such differences in fractional polari-
sation can be attributed to the off-axis instrumental polarisation of
the NVSS observations (see Ma et al. 2019b). We conclude that if
one relies solely on the Taylor et al. (2009) FD values to study the
Galactic magnetic field in this particular sky area, the reliability of
the results will likely be affected.
Furthermore, we compared our new FD values with those from
Van Eck et al. (2011) observations (FDVE11) for the 35 cross-
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Figure 3. WHAM velocity-integrated Hα intensities (Haffner et al. 2003,
2010) against our newly derived EGS FD values. The 17 polarised EGSs
discarded due to their positioning behind the H ii structure G26.5 are marked
as red.
matched sources, as shown in Figure 1 and the bottom panel of
Figure 2. The two sets of measurements agree with each other
within error bars in general, except for two sources for which we
found significant differences (at > 3σ): NVSS J192233+071048
(FDnew = +196.8 ± 4.0 radm−2; FDVE11 = +78.0 ± 20.0 radm−2)
and NVSS J192458+130033 (FDnew = +524.5 ± 6.3 radm−2;
FDVE11 = +435.0 ± 8.0 radm−2). Both these sources were found
to exhibit Faraday complexities in our new data (see Appendix C of
Online Supporting Information), which we attribute as the cause of
the discrepancy between FDnew and FDVE11.
As can be seen in Figure 1, our new observations have led to
a much higher polarised EGS source density than that of Van Eck
et al. (2011). Specifically, the source density over the entire region
(20◦ 6 ` 6 52◦ and |b| 6 5◦) has increased by almost a factor
of five (from their one source per 7.3 deg2 to our one source per
1.6 deg2), with the longitude range of 20◦–40◦ seeing the largest
improvement from one source per 16.6 deg2 (total of 12 sources) to
one source per 1.6 radm−2 (total of 125 sources). This increase in
polarised EGS count enables our study of the complex large-scale
magnetic fields in the Milky Way disk, especially in the latitude
dependence of FD.
Finally, we compared our FD values with those recently pub-
lished by Shanahan et al. (2019) as part of The H i / OH / Re-
combination line (THOR) survey, conducted in L-band with the
VLA in C-array configuration. Out of their 127 polarised com-
pact sources in 39◦ < ` < 52◦ and |b| < 1.◦25, we found a
total of 10 cross-matches, with most of them showing consis-
tency in the two sets of FD values. The two sources with sig-
nificant differences in FD are NVSS J190741+090717 (FDnew =
+706.5 ± 0.9 radm−2; FDTHOR = +695 ± 1 radm−2) and NVSS
J192517+135919 (FDnew = +450.9 ± 2.1 radm−2; FDTHOR =
+424 ± 1 radm−2). Within the region where they found EGSs with
extremely high |FD| values (up to 4000 radm−2; at 47◦ < ` < 49◦
and |b| < 1.◦25), we found no cross-matches because none of our
target sources reside there, likely due to a bias from our source
selection caused by bandwidth depolarisation (see Section 2). How-
ever, this does not affect our study of the Galactic-scale magnetic
field here (see Section 5.7).
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Figure 4. Boxcar-binned FD profiles of our target EGSs across `, with the sources separated into above (red) and below (blue) the Galactic plane. A bin width
of 5◦ along ` was adopted, with the profile sampled at a 2.◦5 interval. The shaded area represents the standard error of median (SEM) of FD values in each bin.
Figure 5. Boxcar-binned FD profile of our target EGSs across b for sources in 40◦ 6 ` 6 52◦ (black). We also considered two smaller sub-regions with
longitude ranges of 40◦–46◦ (magenta) and 46◦–52◦ (green). A bin width of 2.◦5 along b was adopted, with the profile sampled at a 1◦ interval. The shaded
area represents the standard error of median (SEM) of FD values in each bin.
5.2 Contamination by Galactic H ii Structures
Upon inspection of the Wisconsin H-Alpha Mapper Sky Survey
(WHAMSS) Hα map in Figure 1, we identified a large (diameter
≈ 7◦) H ii structure centred at (`, b) = (26.◦5,−0.◦5) that contains
smaller H ii regions such as Sh 2-59 and Sh 2-60. This H ii struc-
ture, which we call G26.5, appears to lead to an excess FD of
≈ +300 radm−2 for EGSs behind it compared to those in the im-
mediate surroundings. Galactic H ii structures are known to lead to
FD enhancements by ∼ 100 radm−2 in magnitude for background
EGSs (e.g., Harvey-Smith et al. 2011; Purcell et al. 2015), which
we believe to be the case as well for G26.5. Since the focus of our
study is the Galactic-scale magnetic field of the Milky Way, we
decided to discard the 17 polarised EGSs (15 on-axis plus two off-
axis) situated behind G26.5 as the FD values of these sources are
likely contaminated by this H ii structure. As reference, we plotted
the Hα intensity against |FDnew | for our polarised target sources
in Figure 3. This results in a final list of 177 EGS FD values (153
on-axis plus 24 off-axis) that we use for our study below.
5.3 Faraday Depth Disparity across Galactic Latitude
5.3.1 Identification from Newly Derived Faraday Depths
An obvious feature in the spatial FD distribution can be identified
from Figure 1 top panel: a disparity4 of FD across the Galactic
mid-plane within 40◦ . ` . 52◦. Within this longitude range, the
4 In this work, we mean by disparity a great difference, and is not directly
related to the technical terms of even/odd parity that we introduce below.
median FD values for sources above and below the Galactic plane
are +550 ± 40 radm−2 and +130 ± 50 radm−2, respectively. We
further performed a Kolmogorov-Smirnov test (KS-test) with the
null hypothesis being that these two samples have the same FD
distribution. The resulting p-value is 4 × 10−9, strongly supporting
that the FD distributions on either side of the Galactic mid-plane
are different. We note that hints of the same structure can already
be seen in the Van Eck et al. (2011) data (Figure 1 bottom panel),
but was not explicitly pointed out in their paper.
The boxcar-binned EGS FD profiles across ` are shown in Fig-
ure 4, with the sources separated into above and below the Galactic
plane. By performing such spatial averaging of FD values, the FD
profiles represent the large-scale magnetic field of the Milky Way,
since we expect the FD contaminations from various sources (see
below) to be smoothed out by the spatial binning. We adopted a
bin size along Galactic longitude of 5◦, chosen as the smallest bin
size with which smooth FD trends along longitude could be seen,
meaning that in most bins there are enough data points for robust
statistics. We verified that choosing slightly larger bin sizes (< 10◦)
would still give consistent results. The FD profiles are sampled at a
2.◦5 interval. The solid lines show the median FD within the moving
5◦ bin, while the shaded areas represent the FD uncertainty. We cal-
culated the FD uncertainty as the standard error of median (SEM)
of each individual bin:
SEM =
1.2533 · σ√
N
, (5)
where σ and N are the standard deviation and the number of FD
values in each bin, respectively. For our case here, σ accounts for
the contamination by the small-scale Galactic magnetic field (∼
100 radm−2 over ∼ 1◦; e.g., Haverkorn et al. 2008; Stil et al. 2011),
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Figure 6. FD values of pulsars within 40◦ 6 ` 6 52◦ and |b | 6 5◦ across distance, obtained from the ATNF Pulsar Catalogue (Manchester et al. 2005).
A typical uncertainty of pulsar distances of 20 per cent has been assumed (e.g., Han 2017). The approximate locations of the Sagittarius, Perseus, and Outer
spiral arms along the line of sight are indicated. Our newly derived EGS FDs in the same sky region are plotted on the right against Galactic latitude, with the
median FD for above (+550 radm−2) and below (+130 radm−2) the Galactic mid-plane shown as the red and blue dashed lines, respectively.
Figure 7. Spatial distribution of the pulsars considered in Figure 6. In particular, pulsars at distances of more than 5 kpc are shown as colour dots, and the rest
are shown as crosses. The background map shows Hα intensity from WHAMSS (Haffner et al. 2003, 2010).
the intrinsic FD of the EGSs (∼ 10–100 radm−2; e.g., Schnitzeler
2010; Oppermann et al. 2015; Anderson et al. 2019), magnetic
fields in the intergalactic medium (. 10 radm−2; e.g., Vernstrom
et al. 2019; O’Sullivan et al. 2020), and the uncertainty of our
measurements (≈ 2 radm−2). The use of SEMas our FD uncertainty
implicitly assumes that the above sources of FD contaminations are
not spatially correlated, which is not strictly the case for small-scale
Galactic magnetic field (see Haverkorn et al. 2008). We therefore
warn that our FDuncertainty can be slightly underestimated. Finally,
we mask out the FD profile of b < 0◦ in the Galactic longitude
range of 25◦–30◦, since within this range there is only one EGS
remaining in the 5◦ bin after we discarded EGSs situated behind
G26.5 (Section 5.2), meaning that the uncertainty of the FD profile
diverges there.
We can see a clear disparity in the two FD profiles in the
Galactic longitude range of 40◦–52◦, but not in 20◦–40◦. This
immediately shows that the distributions of the large-scale mag-
netic field and/or the Galactic free electron number density are not
symmetric on the two sides of the Galactic mid-plane within the
longitude range of 40◦–52◦. We further investigated this by plot-
ting in Figure 5 the FD profile along Galactic latitude, considering
sources in the longitude range of 40◦–52◦ only (black line). Here,
we used a boxcar bin width of 2.◦5 along latitude, and sampled the
FD profile at a 1◦ interval. If the FD disparity occurs only beyond
a certain Galactic latitude, say at |b| > b0, we would expect the FD
profile here to be symmetric about b = 0◦ for |b| < b0, which is
not what we found. Instead, we see a steady increase in FD from
≈ +100 radm−2 at b = −3◦ to ≈ +600 radm−2 at b = +2◦, without
signs of symmetry about b = 0◦. We further plotted the FD pro-
files in smaller longitude ranges of 40◦–46◦ (magenta) and 46◦–52◦
(green), and found that they are consistent with the picture above.
We therefore conclude that the FD disparity must begin at latitude
of very close to 0◦.
5.3.2 Distance Estimate from Existing Pulsar Measurements
From the ATNF Pulsar Catalogue (version 1.60; Manchester et al.
2005)5, we obtained the FD values and distances of Galactic pulsars
within 40◦ 6 ` 6 52◦ and |b| 6 5◦. These measurements allow
5 Available on http://www.atnf.csiro.au/research/pulsar/psrcat/.
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us to trace how FD changes across physical distances (e.g., Noutsos
et al. 2008; Han et al. 2018), and allow us to constrain where along
our line of sight the FD disparity occurs.We considered a total of 55
pulsars, out of which 10 have independent distance estimates (e.g.,
parallax or H i measurements; see Lorimer & Kramer 2012; Han
2017). The remaining 45 have their distances inferred from their
dispersion measure (DM) values by assuming the Galactic thermal
electron distribution model of YMW16 (Yao et al. 2017), which
they showed gives more accurate pulsar distance estimates than by
assuming the NE2001 model (Cordes & Lazio 2002).
We plotted in Figure 6 the FD against distance of these pul-
sars, similar to the figures in Han et al. (2018) except that we have
separated the sources into above and below the Galactic mid-plane.
From this, we see that pulsars both above and below b = 0◦ follow
the same trend of increasing FD with distance up to ≈ 5 kpc, be-
yond which the FD trends deviate. For pulsars above the mid-plane,
the FD continues to rise with increasing distance and eventually
reaches the median EGS FD there of +550 radm−2. Meanwhile,
pulsars below the mid-plane show a large spread of FD values
from −120 radm−2 up to +730 radm−2. This can either be inter-
preted as a genuine increase in FD spread due to a highly turbulent
magneto-ionic medium in that sky region, or that the pulsars are
composed of two populations with a divide at ≈ +300 radm−2. We
favour the latter option for two reasons. Firstly, the population with
FD < +300 radm−2 shows a steadily decreasing FD with increas-
ing distance and eventually roughly matches the median EGS FD of
+130 radm−2 there. This means that the FD < +300 radm−2 popu-
lation could be representative of the diffuse warm ionised medium
towards this sky region, while the pulsars with FD > +300 radm−2
can be regarded as a “peculiar” population (see below). Secondly,
we note that the population with FD > +300 radm−2 shows a spa-
tial clustering at 40◦ . ` . 46◦ and −1.◦5 . b . 0◦ (Figure 7),
which is unexpected for the former option of a genuine FD spread.
We speculate from such spatial clustering that this “peculiar” pul-
sar population could be a manifestation of longitudinal variations
in FD, or these pulsars could be situated behind some localised
magneto-ionic medium.
Assuming the two-population option above, we ignored the
FD > +300 radm−2 population below the mid-plane. This led us
to the identification of the split in FD trends for pulsars above
versus below the Galactic plane at a distance of ≈ 5 kpc away from
us, hinting that the EGS FD disparity we discovered occurs in the
Sagittarius spiral arm. Additionally, the increasing / decreasing FD
trends with distance for pulsars above / below the mid-plane would
mean that the plane-parallel magnetic field direction changes across
the Galactic plane. However, we acknowledge the high uncertainty
in our interpretation here, as we are limited by the number of pulsars
with high accuracy FD and distance estimates beyond 5 kpc in this
sky region.
5.4 Performance of Existing Magnetic Field Models
We now proceed to assess the performance of three recent major
Milky Way magnetic field models, namely Sun et al. (2008), Van
Eck et al. (2011), and Jansson & Farrar (2012), by comparing their
FD predictions with our newly derived EGS FD values. The three
models were combined with the thermal electron number density
model of NE20016 (Cordes & Lazio 2002) to generate the FD
6 We repeated our investigation using the YMW16 model (Yao et al. 2017)
instead, and found that the conclusions are unchanged.
predictions. We first review these Galactic magnetic field models
below.
5.4.1 A Brief Review on the Galactic Magnetic Field Models
Firstly, the Sun et al. (2008) model7 (shortened as Sun08) was de-
veloped using EGS FDmeasurements from the CGPS (Brown et al.
2003) and the Southern Galactic Plane Survey (SGPS; Gaensler
et al. 2001; Brown et al. 2007). In particular, they used the NE2001
thermal electron number density model, and adjusted the free pa-
rameters of their large-scale magnetic fieldmodel to fit the predicted
FD to the observed EGS FD values. A large-scale magnetic field
reversal has been placed in a ring at Galacto-centric radius of 6–
7.5 kpc, with the strength of the disk field diminishing exponentially
at increasing Galactic height. They have assumed that the disk field
has an even parity, meaning the plane-parallel magnetic field direc-
tion is the same on either side of the Galactic plane. Meanwhile,
their toroidal halo field has an odd-parity,meaning the plane-parallel
magnetic field flips in direction across the Galactic mid-plane.
Next, the Van Eck et al. (2011) model (shortened as VE11) was
based on their new FD measurements of 194 EGSs in the Galactic
plane, in addition to EGS FD values from both the CGPS (Brown
et al. 2003) and the SGPS (Brown et al. 2007). They have also
adopted the NE2001 model to fit to the EGS FD. Their study only
focused on the Milky Way disk field (i.e., no halo field component),
which was assumed to have an even parity and a constant field
strength along Galactic height out to ±1.5 kpc where the model has
been truncated. The field model is composed of three independent
sectors with different geometries. The region of interest in this paper
resides in their Sector C, within which they found a large-scale
magnetic field reversal ring at Galacto-centric radius of 5.8–8.4 kpc
from their best-fit results.
Finally, the Jansson& Farrar (2012) model (shortened as JF12)
is unique among the three models as it is the only one that has im-
plemented a vertical field component. It is comprised of the disk,
the toroidal halo, and the X-shaped halo components. Moreover,
their field model is more physically motivated than the others, as
they have implemented the divergence-free condition of magnetic
fields, as well as the X-shaped halo field as motivated by the ob-
servational results from external edge-on galaxy studies (see, e.g.,
Krause 2009). To determine the best-fit parameters of the large-scale
magnetic field model, they combined different information, namely
(1) a substantial list of FD measurements from the literature cover-
ing the entire sky, (2) the K-band (22GHz) polarised synchrotron
map of the Galactic foreground fromWMAP (Gold et al. 2011), (3)
the NE2001 thermal electron number density model, and (4) the
Galactic cosmic ray density models from GALPROP (Strong et al.
2009) and WMAP (Page et al. 2007). The details of their disk field
component, which is the focus of our study here, were mainly con-
strained by the EGS FD values from the CGPS (Brown et al. 2003),
SGPS (Brown et al. 2007), Van Eck et al. (2011) observations, and
the Taylor et al. (2009) catalogue.
5.4.2 Performance of the Models
We present the predicted FDmaps of the three MilkyWay magnetic
field models in Figure 8. It is immediately apparent that both the
7 We consider their ASS+RING model, since it has been shown to better fit
to observations compared to their ASS+ARM and BSS models (Sun et al.
2008; Van Eck et al. 2011).
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Figure 8. Predicted FD maps of the large-scale magnetic field models of the Milky Way of (Top) Sun et al. (2008), (Middle) Van Eck et al. (2011), and
(Bottom) Jansson & Farrar (2012). The thermal electron number density model of NE2001 (Cordes & Lazio 2002) has been adopted. The colour dots represent
our newly derived EGS FD values.
Sun et al. (2008) and Jansson & Farrar (2012) predictions exhibit
significant asymmetries across the Galactic mid-plane, since both
these models have implemented odd-parity halo field components.
The Van Eck et al. (2011) FD prediction is reasonably symmetric
about the Galactic plane because they only considered an even-
parity disk field.
To facilitate comparisons between our newly derived EGS FD
values with the predictions by the three models, we collapsed the
Galactic latitude axis to generate boxcar-binned FD profiles along
Galactic longitude, as shown in Figure 9. This is similar to what we
performed in Section 5.3. Specifically here, we used the sky posi-
tions of our 177 polarised EGSs, and calculated the predicted FD
values at those exact locations according to the three magnetic field
models. This mitigates the possibility of sampling biases imposed
by the particular positions where our polarised EGSs were located.
Next, we evaluated themedian FD values in themoving 5◦ longitude
bin sampled at a 2.◦5 interval, for our observed EGSs as well as the
model predictions. Note that the overlapping bins were only used
for plotting the smooth FD trends across longitude, and the model
evaluations below were performed with independent bins. The FD
profiles were generated considering (1) all EGSs, (2) b > 0◦ only,
and (3) b < 0◦ only. We calculated the uncertainties of the observed
FD profiles as the SEM as in Equation 5.
With the boxcar-binned FD profiles, we performed a quanti-
tative evaluation of the three Galactic magnetic field models. We
obtained the median FD in independent bins by re-sampling the FD
profiles at 5◦ interval from 22.◦5 to 47.◦5. For each bin, we compared
our observations with the three model predictions by evaluating
χ2 =
(FDobs − FDmodel)2
σ2FD
, (6)
where FDobs is the observed FD median, FDmodel is the model
FD median, and σFD is the SEM of the observed FD. Note that
even if a magnetic field model performs satisfactorily in a specific
longitude bin, its χ2 value can still deviate from unity because
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Figure 9. Comparisons between the boxcar-binned FD profiles along ` of our observed values (black lines) and the predictions of the Sun et al. (2008) (Sun08;
blue lines), Van Eck et al. (2011) (VE11; red lines), and Jansson & Farrar (2012) (JF12; magenta lines) models. The three panels show the results from
considering (Top) all EGSs, (Middle) b > 0◦ only, and (Bottom) b < 0◦ only. The shaded area represents the standard error of median (SEM) of the observed
EGS FD values in each bin. Our newly derived FD values of each individual EGS are marked as the black data points.
of random fluctuations. However, one can compare the order of
magnitude of χ2 between the three models to assess their relative
performance in each longitude bin. Moreover, we calculated the
average χ2 values for each model and latitude range combination
over the six independent longitude bins. This averaged χ2 should
converge to unity for a well performing model and thus allows an
evaluation of the absolute performance of each model. We listed
the results in Table 3. It is obvious that the Van Eck et al. (2011)
model performs the best overall, especially for the case where we
considered the full Galactic latitude range (|b| 6 5◦; averaged
χ2 = 3.90). For the cases where we considered the two sides of
the Galactic mid-plane separately, however, the performance of the
Van Eck et al. (2011) model deteriorated slightly to averaged χ2 =
4.95 and 6.08 for above and below the plane, respectively. This is
because their model has only considered an even-parity disk field,
and therefore it failed to capture the FD disparity that we identified.
5.5 Explanations to the Faraday Depth Disparity
In light of the unsatisfactory performance of the three Milky Way
magnetic field models in reproducing our newly derived EGS FD
values (Section 5.4), especially in the Galactic longitude range of
40◦–52◦ where we discovered the FD disparity, we explored alter-
native astrophysical scenarios.
5.5.1 Scenario I: Odd-Parity Large-scale Galactic Disk Field
The first scenario that can explain the EGS FD disparity is that
some regions in the Galactic disk host a large-scale magnetic field
with odd parity. Both odd- and even-parity magnetic fields can be
generated in galaxies according to the α-Ω dynamo theory (e.g.,
Sokoloff & Shukurov 1990; Brandenburg et al. 1992; Beck et al.
1996; Moss et al. 2010). For the case of the Galactic disk, an even-
parity magnetic field is expected from the dynamo theory (e.g.,
Ruzmaikin et al. 1988) and has been observationally found to be
the case for the local Galactic volume (Frick et al. 2001) and the
Perseus spiral arm (Mao et al. 2012). These have led to the common
assumption of an even-parity disk field in Milky Way magnetic
field modelling efforts (e.g., Sun et al. 2008; Van Eck et al. 2011;
Jansson & Farrar 2012). Nonetheless, an odd-parity disk field can
be generated under certain conditions, such as a sufficiently thick
galactic disk or a weak galactic differential rotation (Ferrière 2005).
It can also be generated in the outskirts of galaxies as the result of
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Table 3. χ2 Values of the Tested Galactic Magnetic Field Models
Galactic Magnetic Field Models
Longitude Sun08 VE11 JF12
All EGSs
20◦–25◦ 178.79 2.36 28.83
25◦–30◦ 21.74 10.87 0.03
30◦–35◦ 16.41 0.01 12.92
35◦–40◦ 107.74 0.09 0.68
40◦–45◦ 18.38 6.54 52.09
45◦–50◦ 8.11 3.53 94.14
(Average) 58.53 3.90 31.45
b > 0◦
20◦–25◦ 271.32 0.66 84.58
25◦–30◦ 15.28 8.12 0.13
30◦–35◦ 33.76 0.50 15.80
35◦–40◦ 61.63 0.01 5.82
40◦–45◦ 21.61 0.87 37.29
45◦–50◦ 28.07 19.51 147.40
(Average) 71.95 4.95 48.50
b < 0◦
20◦–25◦ 16.91 1.83 22.17
25◦–30◦ — — —
30◦–35◦ 12.73 1.02 16.29
35◦–40◦ 24.22 0.23 7.41
40◦–45◦ 28.67 13.22 48.61
45◦–50◦ 1.88 14.08 11.17
(Average) 16.88 6.08 21.13
NOTE – The lowest χ2 value of each row
is bold-faced.
turbulent pumping, galactic wind, and/or flaring of the galactic disk
(Gressel et al. 2013).
The FD disparity can be caused by the change in magnetic
field direction across the Galactic mid-plane of an odd-parity field,
assuming that the thermal electron distribution is symmetric about
b = 0◦. Such odd-parity field can either be the dominant component
occupying a Galactic volume, or it can be in superposition with a
stronger even-parity field. As revealed by the pulsar FD values
increasing (decreasing) with distance above (below) the mid-plane
in the longitude range of 40◦–52◦ (Section 5.3.2), the Sagittarius
arm could be hosting a dominant odd-parity field. Themagnetic field
direction for above and below the mid-plane is pointing towards and
away from us, respectively. This suggests that the well-known large-
scale field reversal of the Sagittarius arm occurs on one side of the
Galactic mid-plane only, as the result of an odd-parity magnetic
field there. Given the information that we have, this is our favoured
scenario over the other two described below.
5.5.2 Scenario II: Contributions from the Odd-parity Galactic
Halo Field
The second scenario is that the FD disparity is caused by the odd-
parity magnetic field in the Milky Way halo. Such magnetic field
structure is the preferred configuration from α-Ω dynamo of spher-
ical objects such as galactic halos (e.g., Sokoloff & Shukurov 1990;
Moss et al. 2010), and has indeed been suggested observationally
to be the case for the Milky Way (e.g., Han et al. 1997; Sun et al.
2008; Taylor et al. 2009). The change in magnetic field direction of
the halo field on either side of the Galactic plane can then lead to
the observed FD disparity.
We first investigated the possibility of this scenario by consid-
ering at what Galactic height the halo field would become dominant.
As noted from the FD profile across Galactic latitude (Figure 5),
the FD disparity begins at very close to b = 0◦. By adopting a
generous upper limit of |b| = 1◦ where the halo field starts to show
appreciable effects on our FD profile, and a distance of 5 kpc away
from us where the FD disparity occurs (Secrion 5.3.2), this scenario
requires the halo field to emerge at a Galactic height of no more than
≈ 90 pc. It is challenging to reconcile this with the case study of
the Perseus spiral arm (Mao et al. 2012), which showed from their
EGS FD profile along Galactic latitude that the magnetic disk-halo
transition occurs at a much higher Galactic height of ∼ 540 pc in the
Perseus arm. Furthermore, as we do not see significant differences
in the FD profile in the Galactic longitude range of 20◦–40◦, this
scenario would further require the halo field to have negligible FD
contributions there, or an even-parity halo field in this longitude
range.
In addition, we looked into whether the halo field prescriptions
of the Sun et al. (2008) and Jansson & Farrar (2012) models can
explain the FD disparity. Both these models include odd-parity
halo fields that fill the entire Galactic volume. For reference, at a
Galacto-centric radius of 8.5 kpc and Galactic height of 500 pc (i.e.,
in the solar neighbourhood near the magnetic disk-halo transition
region), the Sun et al. (2008) and Jansson&Farrar (2012) halo fields
have magnetic field strengths of 0.3 and 0.9 µG, respectively. We
plot in Figure 10 the predicted FD maps using only the halo field
components of the two magnetic field models (i.e., the disk field
components have been removed). Although both halo field models
do indeed predict FD disparities in Galactic longitude range of 40◦–
52◦, the same is also expected to occur in the longitude range of
20◦–40◦. This latter FD disparity is not seen in our newly derived
FD values.
With only the halo component of the two models, we further
generated the boxcar-binned FD profiles along Galactic latitude in
the longitude range of 40◦–52◦, as shown in Figure 11. We again
chose a bin width of 2.◦5 and a sampling step size of 1◦, and applied
a y-offset of −280 radm−2 to the observed FD profile to centre it
at FD ≈ 0 radm−2. This is because we are interested in comparing
the profile shapes and amplitudes of the observed and predicted FD
disparities. From the similarities in the functional forms between the
observed and predicted FDprofiles,we suggest that theGalactic halo
field remains a plausible explanation to the observed FD disparity.
However, we argue that the exact implementations of the two halo
field models investigated here are insufficient, since (1) they cannot
reproduce the amplitude of the FD disparity in 40◦ 6 ` 6 52◦, and
(2) they cannot explain the absence of FD disparity in 20◦ 6 ` 6
40◦.
5.5.3 Scenario III: Contamination by Ionised Structures
In the above two scenarios, we attributed the FD disparity to asym-
metries in the magnetic field across the Galactic mid-plane. In this
final scenario, we consider the case where the FD disparity is caused
by differences in thermal electron number density on either side of
the Galactic plane due to discrete ionised structures. Such struc-
tures will have an angular extent of & 10◦ along the Galactic
longitude, which we could not identify from careful inspections
of the WHAMSS Hα map (Haffner et al. 2003, 2010), as well as
the extinction-corrected Hα map of Finkbeiner (2003). The mean
extinction-corrected Hα intensities in 40◦ 6 ` 6 52◦ are 4.40 and
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Figure 10. Predicted FD contribution maps of the halo field component of (Top) Sun et al. (2008) and (Bottom) Jansson & Farrar (2012) models.
Figure 11. Comparisons between the boxcar-binned FD profiles along b of our observed values (black) and the predictions of the halo field component of Sun
et al. (2008) (blue) and Jansson & Farrar (2012) (magenta) models. Only sources in 40◦ 6 ` 6 52◦ were considered. A y-offset of −280 radm−2 has been
applied to the observed FD profile. The shaded area represents the standard error of median (SEM) of FD values in each bin.
4.35Rayleighs for above and below the Galactic mid-plane, respec-
tively. In addition, we looked into theH imap of the Effelsberg-Bonn
H i Survey (EBHIS; Winkel et al. 2016), the Stokes I map of the
Sino-German 6 cm Polarization Survey (Sun et al. 2011), and the
WISE H ii region catalogue (Anderson et al. 2014), but could not
locate any corresponding structures of interest.
Finally, we noted a nearby H i bubble centred at (`, b) ≈
(45◦, 25◦)with an angular diameter of ≈ 40◦ that was found to have
FD contribution of 10–100 radm−2 in the Global Magneto-Ionic
Medium Survey (GMIMS; Wolleben et al. 2010). It is unlikely that
the FD disparity we found is due to contaminations by this H i bub-
ble, as the Wolleben et al. (2010) FD map suggests a minimal FD
contribution of . 10 radm−2 in magnitude within our region of
40◦ 6 ` 6 52◦ and |b| 6 5◦.
5.6 Refining the Van Eck et al. (2011) Model
Building upon the idea of an odd-parity disk field in the Sagittarius
arm (Section 5.5.1), we attempt to improve the Van Eck et al. (2011)
model by allowing the possibility of an odd-parity disk field and re-
fitting it to newly available data. The Van Eck et al. (2011) model is
chosen here because it was found to perform the best overall within
the region that we studied (Section 5.4). We only further develop
their Sector C that covered Galactic longitude range of 20◦–100◦.
Most aspects of the skeleton of their model have been pre-
served, which we list in this paragraph as a summary. Starting
from a Galacto-centric radius (R) of 3 kpc, the Galactic volume is
divided into five ring-shaped regions numbered 1 through 5 out
to R = 20 kpc, with boundaries between these regions located at
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Figure 12. Ring regions definition of our models following Sector C of
Van Eck et al. (2011), looking down onto the Galactic disk from the North
Galactic Pole. The regions 1 through 5 are labelled, with the location of
the Sun in the Milky Way marked by the symbol . The eye symbol shows
the vantage point of the edge-on illustration of Figure 14. The background
greyscale map shows the smooth component of NE2001 model.
R = 5.0, 5.8, 7.2, and 8.4 kpc. There is no modulation of field
strength along Galactic height, and there is also no radial depen-
dence of field strength within each region except for region 5, where
it falls off by R−1. A magnetic pitch angle of 11.◦5 has been adopted
for regions 2–4, while for regions 1 and 5 the pitch angle is 0◦. We
show in Figure 12 a schematic picture of this model.
Meanwhile, we made several modifications to their model.
Firstly, while they truncated their magnetic field model at Galac-
tic height of ±1.5 kpc, we extended this cutoff height slightly to
±2.0 kpc. This is to accommodate the few EGSs at the lowest Galac-
tic longitude (` ≈ 20◦) and the highest latitude (b ≈ ±5◦), since
otherwise the sight lines towards these sources will reach the cut-
off height before passing the outer limit of R = 20 kpc. Secondly,
we incorporated all components of the NE2001 model (Cordes &
Lazio 2002) instead of only the smooth components. Finally, while
Van Eck et al. (2011) has assumed even-parity in all five regions,
we only did so for regions 1, 2, and 5. The symmetry of magnetic
field across the Galactic mid-plane for regions 3 and 4 are chosen
differently for the different models investigated (see below).
We supplemented our 177 newly derived EGS FD values
in the Galactic longitude range of 20◦–52◦ with the EGS FDs
from the 2020 data release of the CGPS compact source catalogue
(CGPS2020; Van Eck et al. in prep.) that covered 53◦ 6 ` 6 193◦
and −3◦ 6 b 6 +5◦. For our purpose, we only included the
622 CGPS EGSs within the longitude range of 53◦–100◦. The
CGPS2020 data were obtained from observations with the Domin-
ion Radio Astrophysical Observatory (DRAO) Synthesis Telescope
in four frequency bands centred at 1407.2, 1414.1, 1427.7, and
1434.6MHz, with bandwidths of 7.5MHz each (Landecker et al.
2010). Our new combined data set thus contains 799 EGS FD val-
ues, which is a significant improvement from the 378 used by Van
Eck et al. (2011) in modelling the same Sector C. However, we did
not incorporate pulsar FD measurements in our fitting procedures.
We investigated a total of six different models. The first three
are “odd-parity” models, which have odd-parity magnetic fields in
specified regions and even-parity magnetic fields in the remain-
ing regions. Specifically, the model “Odd 3” has odd-parity field
in region 3 (i.e., the magnetic field in this region has the same
magnitude but opposite direction across the mid-plane), the model
“Odd 4” has odd-parity field in region 4, and the model “Odd 3+4”
has odd-parity fields in both regions 3 and 4. We further relaxed
the symmetry constraint in our next three “free” models, with the
magnetic field strength and direction on either side of the Galactic
mid-plane in the specified “free” regions fitted independently. This
can be thought of as a superposition of an even-parity field and an
odd-parity field in a region. The model “Free 3” has region 3 set
as such “free” region (while regions 1, 2, 4, and 5 have even-parity
fields), and similarly for the “Free 4” and “Free 3+4” models. Note
that regions 3 and 4 are situated at the Sagittarius arm, which is
the reason that we modified their magnetic field symmetries in the
models explored here.
For each model, we determined the best-fit values of the free
parameters (namely, the magnetic field strength and direction in
each region) by the Markov chain Monte Carlo (MCMC) method.
Specifically,we used apython implementation of emcee (Foreman-
Mackey et al. 2013) here. We first binned our 799 EGS FD val-
ues across Galactic longitude in 5◦ independent bins, centred at
` = 22.◦5, 27.◦5, ..., 97.◦5. The median of each bin was taken as
the binned value, with the SEM (Equation 5) adopted as the uncer-
tainty. Such binning was performed independently for either side of
the Galactic mid-plane. Next, we adjusted the free parameters and
calculated the resulting predicted FD value of each bin. The perfor-
mance of the set of free parameters is then evaluated by comparing
the predicted with the actual FD values, simultaneously on the two
sides of the Galactic mid-plane. Specifically, we adopted a likeli-
hood function assuming Gaussian measurement uncertainties. We
further chose a prior of uniform distribution within ±10 µG for all
free parameters (i.e., constraining the magnetic field strength in all
regions to within 10 µG). We initiated the runs for each model with
16 walkers randomly positioned in the parameter space (by uniform
distribution within the constraint set by the prior), and proceeded
for a variable number of steps depending on the complexity of each
model. The auto-correlation time for each case was determined8,
and we discarded 10 times that as the initial burn-in steps. In all
cases, we are left with usable number of steps of more than 100
times the auto-correlation time, and more than 10,000 steps times
16 walkers from which we determine the best-fit results. We noted
that all the best-fit values have highly symmetric uncertainties, and
therefore we do not report asymmetric error bars (see Appendix D
in the Online Supporting Information).
We list the best-fit values of all parameters for each model,
alongside with those from the Van Eck et al. (2011) model as
comparison, in Table 4. Regions 3 and 4 are further divided into
sub-regions a and b, representing above and below the Galactic
mid-plane, respectively. As mentioned above, the magnetic field
strength in region 5 is modulated by R−1, and thus we choose to
report the field strength in this region at R = 8.5 kpc. We follow the
convention defined by Van Eck et al. (2011) that, positive and nega-
tive magnetic field strengths denote counter-clockwise (CCW) and
clockwise (CW) field directions, respectively, when viewed from
8 We determined the auto-correlation time using the emcee
function get_autocorr_time(), following the emcee tutorial
https://emcee.readthedocs.io/en/stable/tutorials/line/.
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Table 4. Best-fit Results for the Tested New Models
Magnetic Field Strength (µG)
Model Name Region 1 Region 2 Region 3a Region 3b Region 4a Region 4b Region 5 dof χ2red
VE11 −0.15 ± 0.04 −0.40 ± 0.01 +2.23 ± 0.13 +2.23 ± 0.13 +0.09 ± 0.05 +0.09 ± 0.05 −0.86 ± 0.09 5 6.18
Odd 3 +0.04 ± 0.03 +0.35 ± 0.10 +0.83 ± 0.08 −0.83 ± 0.08 +0.84 ± 0.11 +0.84 ± 0.11 −0.96 ± 0.10 5 10.35
Odd 4 −0.02 ± 0.03 −0.37 ± 0.12 +1.56 ± 0.10 +1.56 ± 0.10 +0.61 ± 0.08 −0.61 ± 0.08 −0.68 ± 0.07 5 4.82
Odd 3+4 +0.04 ± 0.03 +0.39 ± 0.10 +0.66 ± 0.09 −0.66 ± 0.09 +0.56 ± 0.08 −0.56 ± 0.08 −0.46 ± 0.06 5 10.30
Free 3 −0.02 ± 0.03 −0.41 ± 0.12 +1.96 ± 0.12 +0.82 ± 0.15 +0.52 ± 0.11 +0.52 ± 0.11 −0.98 ± 0.09 6 5.12
Free 4 −0.02 ± 0.03 −0.33 ± 0.11 +1.47 ± 0.11 +1.47 ± 0.11 +1.03 ± 0.13 −0.12 ± 0.15 −0.95 ± 0.10 6 4.51
Free 3+4 −0.01 ± 0.03 −0.37 ± 0.12 +1.76 ± 0.12 +0.97 ± 0.15 +0.90 ± 0.13 0.00 ± 0.15 −0.96 ± 0.10 7 3.87
NOTE – For region 5, the magnetic field strength is modulated by R−1, with the listed field strength above being that at R = 8.5 kpc.
Figure 13. Predicted boxcar-binned FD profiles along ` for the different new models for (Top) above and (Bottom) below the Galactic mid-plane. The observed
EGS FD profiles and the predicted profiles of Van Eck et al. (2011) model are similarly plotted.
the North Galactic Pole. In the same Table, we also list the degrees
of freedom (dof) of the models, as well as χ2red defined as
χ2red =
N∑
i
(FDobs,i − FDmodel,i)2
(N − dof) · σ2FD,i
, (7)
where i is the index for the N = 51 independent bins, and the
remaining parameters as defined in Equation 6. A smaller χ2red
value indicates a better performing model. Note that χ2red values of
much larger than unity can either signify inadequacies in the large-
scale magnetic field in our models, or it can be attributed to the
turbulent interstellar medium. Although we attempted to account
for the latter through σFD,i , we did not model the power-law nature
of such turbulent interstellar medium (Haverkorn et al. 2008; Stil
et al. 2011) in our study here. We further plot the predicted FD
profiles along Galactic longitude for all models in Figure 13 for
visual comparisons.
It is evident that models Odd 4, Free 3, Free 4, and Free 3+4
show better fit to the data than that of Van Eck et al. (2011), suggest-
ing that our hypothesis of an odd-parity disk field in the Sagittarius
arm is indeed improving themodel of theMilkyWaymagnetic field.
However, the models are still not deemed a satisfactory fit to our
data, given the high χ2red > 3.5 for all cases. In particular, we point
out that none of the models can capture the FD ≈ +600 radm−2
peak at ` ≈ 40◦–50◦ above the Galactic mid-plane. Nonetheless,
the results here serve as an important step towards a major future
improvement in the model of the Milky Way magnetic field. Upon
inspection of the FD profiles of the model Odd 3, we find that it does
not only predict FD disparity over ` ≈ 40◦–52◦, but also over a wide
range of ` ≈ 20◦–60◦. This clearly shows that with the geometry of
region 3 defined by Van Eck et al. (2011), one cannot simply im-
pose an odd-parity field there to obtain FD disparity that starts from
` = 40◦. Similarly for model Odd 4, we see FD disparity in longi-
tude range of about 55◦–80◦. These strongly suggest that if one were
to further improve the Van Eck et al. (2011) model in the future, its
geometry (namely, the shape of the individual regions, the locations
of the region boundaries, and/or the magnetic pitch angles) must be
modified to obtain better fit to data. Another possibility is to rebuild
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Figure 14. Edge-on view through our Odd 4 and Free 4 models from the vantage point marked in Figure 12. In each region, the line-of-sight magnetic field
direction is marked (see legend on the right). Interfaces of large-scale field reversals are denoted by the two grey dashed lines. Both these models depict a
diagonal interface of field reversal, similar to the conclusion of Ordog et al. (2017).
the Van Eck et al. (2011) model using the YMW16 thermal electron
distribution model instead, which is beyond the scope of this paper.
5.7 Connections to Other FD Grid Experiments
In the past few years, there have been significant efforts in shedding
new light on the complex large-scale magnetic fields in the first
Galactic quadrant. Ordog et al. (2017) have shown, from CGPS FD
data of both Galactic diffuse emission and EGSs, that there is a
clear FD gradient across a diagonal line from (`, b) = (67◦,+4◦)
to (56◦,−2◦). This is similar to the FD disparity we identified in
this paper, which can be seen as an FD gradient across the Galactic
mid-plane. Given the spatial proximity and similar nature of these
two structures, it is possible that the two are physically linked. It
has been shown by magnetohydrodynamics (MHD) simulations of
the global Galactic disk magnetic field (Gressel et al. 2013) that,
magneto-rotational instabilities (MRI) can cause the interface of
an odd-parity field to rise and fall through the Galactic mid-plane
across Galactic azimuthal angle (“undulations”; see their figure 10).
This serves as a possible connection between the two FD gradients.
Moreover, an alternative interpretation of the Ordog et al. (2017)
structure is that it traces the large-scale magnetic field reversal in the
Sagittarius arm. This echoes the Odd 4 and Free 4 models that we
presented in Section 5.6, which suggests a similar diagonal interface
for the large-scale magnetic field reversal (see Figure 14). Future
dedicated simulation efforts are required to gain a full, accurate
understanding in the physical nature of and connection between the
Ordog et al. (2017) FD gradient and our FD disparity.
In addition, the THOR survey has recently uncovered an unex-
pectedly high FD (up to ≈ 4000 radm−2 in magnitude) through the
tangent of the Sagittarius arm within |b| < 1.◦25 (Shanahan et al.
2019), likely tracing a compressed warm ionised medium in that
spiral arm. Meanwhile, our work probing up to |b| = 5◦ towards the
same spiral arm has discovered the FD disparity. These two com-
plementary studies together paint a vibrant picture of the complex
magneto-ionic medium in the Sagittarius arm. An investigation in
how these two regimes are connected would require a much denser
FD grid than is currently available. This could be achieved by on-
going polarisation surveys such as POSSUM (Gaensler et al. 2010)
and VLASS (Myers et al. 2014; Lacy et al. 2020).
6 CONCLUSION
In this paper, we have conducted new broadband spectro-
polarimetric observations with the VLA to study the large-scale
magnetic field near the Milky Way mid-plane (|b| 6 5◦) in the
Galactic longitude range of 20◦–52◦. The FD values of a total of
194 EGSs (168 on-axis plus 26 off-axis) have been determined, out
of which 177 (153 on-axis plus 24 off-axis) were used for this study.
Our effort has led to a significant increase in the number of reli-
able FD values by a factor of five in this complex Galactic region,
leading to our discovery of a clear disparity in FD values across the
Galactic mid-plane in the longitude range of 40◦–52◦. We do not
see similar FD disparities in the longitude range of 20◦–40◦. From
existing pulsar FDmeasurements, we found hints that the FD dispar-
ity occurs at a distance of ≈ 5 kpc away from us, corresponding to
the Sagittarius spiral arm that has been known to host a large-scale
magnetic field reversal.
We further performed rigorous comparisons between our
newly derived EGS FD values with the predictions of three ma-
jor large-scale magnetic field models of the Milky Way – Sun et al.
(2008) ASS+RING, Van Eck et al. (2011), and Jansson & Farrar
(2012), combined with the thermal electron number density model
of NE2001 (Cordes & Lazio 2002). Our conclusion is that the Van
Eck et al. (2011)model can bestmatch ourmeasured FDvalues over-
all. However, we also noted a short-coming of this model, namely it
has assumed a-priori that the large-scaleGalactic diskmagnetic field
has an even parity everywhere. It therefore could not adequately fit
to the observed FD values in the longitude range of 40◦–52◦ when
we considered the two sides of the Galactic mid-plane separately.
Given the unsatisfactory performance of the above magnetic
field models, we considered three astrophysical scenarios that could
have led to this newly discovered FD disparity:
• Scenario I: The large-scale disk field in the Sagittarius arm
can have an odd parity, either as the dominant component or in
superposition with a stronger even-parity field;
• Scenario II: An odd-parity halo field contributes significantly
to our EGS FD values, causing the FD disparity; or
• Scenario III: Some Galactic ionised structure contaminates the
FD values of our target EGSs either above or below the Galactic
plane.
We favour Scenario I given the currently available information,
since Scenario II would require the odd-parity halo field to show
appreciable effects at a very low Galactic height of . 90 pc in
40◦ 6 ` 6 52◦ only. We could not identify notable structures in
Hα, H i, or 6 cm radio continuum maps, or in the WISE H ii region
catalogue that would support Scenario III.
Finally, we pursued an improved Van Eck et al. (2011) model
by relaxing the even-parity field constraint. From this, we developed
new models that showed better fit to the observed EGS FD values
than the Van Eck et al. (2011) model. This will serve as an important
step towards major future improvements in magnetic field models
of the Milky Way.
Our study adds to the recent rapid progress in our understand-
ing of the Galactic-scale magnetic fields in the first quadrant of
the Milky Way, prompting the development of a vastly improved
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magnetic field model. On-going and future radio polarisation sur-
veys will certainly further shed light on the complex magnetic field
structure of the Galaxy. As the next step, we will repurpose this
same dataset to study the small-scale Galactic magnetic field in this
same sky region in a future publication (Ma et al. in prep.).
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APPENDIX A: BLENDED AND DISCARDED SOURCES
As pointed out in Section 3 of themain text, 29 of the off-axis targets
are spatially blended with their corresponding on-axis targets, and
for such cases their combined flux densities were extracted instead
of attempting to separate them. We list in Table A1 such spatially
blended sources. In addition, a total of 15 target sources have been
discarded because they were not confidently detected even in total
intensity images. These sources are listed in Table A2.
APPENDIX B: TOTAL INTENSITIES OF TARGET
SOURCES
We also include here the total intensity information of the targets
derived from our new observations. For each source, we fitted a
power law to the radio spectrum:
Sν = S1.4GHz ·
( ν
1.4GHz
)α
, (B1)
where Sν [mJy] is the measured flux density at frequency ν [GHz],
and α is the spectral index. The values of α and S1.4GHz, along with
the reported integrated radio flux densities at also 1.4GHz from
the NVSS (SNVSS), are listed in Tables B1 and B2 for our on- and
off-axis targets, respectively. Note that the discrepancies between
S1.4GHz and SNVSS for some of the sources can be attributed to
the spatial blending of multiple NVSS sources in our new obser-
vations (marked by the ? symbol in the Tables; see Section 3 and
Appendix A).
APPENDIX C: FARADAY SPECTRA OF TARGET
SOURCES
We present here the Faraday spectra (at |FD| < 1000 radm−2) of the
204 target sources (194 polarised plus 10 unpolarised) observed for
our study, as well as that of the on-axis polarisation leakage calibra-
tor (J1407+2827) in the seven observing blocks (OBs). The spectra
of on-axis targets (including the leakage calibrator) are shown in
Figure C1, and those of off-axis targets are shown in Figure C2. The
results from this RM-Synthesis analysis are listed in Tables 1 and 2
of the main text.
APPENDIX D: MCMC RESULTS OF NEWMODELS
Finally, we present the corner plots of our Markov chain Monte
Carlo (MCMC) fitting results of our new models of the Milky Way
magnetic fields (see Section 5.6 of main text). The results of our
models Odd 3, Odd 4, Odd 3+4, Free 3, Free 4, and Free 3+4 are
shown in Figures D1, D2, D3, D4, D5, and D6, respectively. For all
cases, the subscript denotes the region number (e.g., B2 means the
magnetic field strength in region 2), and for “odd-parity” models
Table A1. List of Spatially Blended Sources
On-axis Source Blended Off-axis Source
(NVSS) (NVSS)
J181931−091059 J181937−090914
J183409−071802 J183408−071904
J183414−071628
J183418+004852 J183417+004939
J183511+014620 J183515+014611
J183840−012957 J183842−013105
J184124−015255 J184130−015257
J184134−015252
J184142−015246
J184249−075604 J184245−075613
J184415−041757 J184413−041938
J184422−041746
J184422−041848
J184718+055022 J184711+054948
J184821+001108 J184824+001158
J185030−090659 J185037−090633
J185239−101324 J185230−101410
J185728+111021 J185731+111053
J185744−052527 J185748−052631
J190655+000339 J190651+000113
J190653+000213
J190944+005558 J190950+005550
J191025+140125 J191028+140019
J191031+135810
J191033+135653
J191325+034308 J191331+034218
J192458+130033 J192501+130143
J192922+095808 J192922+095901
J193939+134604 J193943+134652
Table A2. List of Discarded Sources
Discarded On-axis Targets
J184500−015838 J184622−015654 J184655−021535
J184809−005748 J185521+011951
Discarded Off-axis Targets
J183205−103701 J183207−103648 J185529+052003
J190352+054926 J190359+055501 J190402+055410
J190743+090552 J192508+135801 J192511+135653
J192519+135819
we only show the fitted field strengths above the mid-plane for odd-
parity regions, since they would be identical to those below the
mid-plane (apart from the obvious flip in sign).
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Table B1. Total Intensities and Spectral Indices of On-axis Targets
Target Source ` b α S1.4GHz SNVSS
(NVSS) (◦) (◦) (mJy) (mJy)
J184415−131243 20.34 −4.42 −1.05 ± 0.02 113.4 ± 0.3 121.4 ± 4.4
J181343−090743 20.49 +4.11 −0.81 ± 0.05 36.4 ± 0.4 36.3 ± 1.5
J182038−094716 20.71 +2.29 −0.79 ± 0.01 949.4 ± 1.5 901.8 ± 27.1
J183519−111559 21.08 −1.59 −0.77 ± 0.01 324.1 ± 0.7 291.3 ± 8.8
J181851−090659 21.10 +3.00 −0.82 ± 0.02 397.5 ± 1.5 411.6 ± 14.1
J181931−091059? 21.12 +2.82 −0.92 ± 0.02 420.5 ± 1.3 274.6 ± 9.3
J183759−112627 21.23 −2.25 −0.87 ± 0.02 155.2 ± 0.7 155.7 ± 4.7
J183220−103510 21.35 −0.63 −0.01 ± 0.02 1051.7 ± 4.2 867.4 ± 26.0
J182443−092933 21.44 +1.54 −0.80 ± 0.03 157.0 ± 0.9 154.4 ± 5.5
J184606−115808 21.66 −4.26 −0.87 ± 0.01 783.3 ± 0.7 792.9 ± 23.8
J181419−073733 21.88 +4.69 −0.75 ± 0.06 27.2 ± 0.3 25.6 ± 0.9
J184059−110139 21.93 −2.72 −0.63 ± 0.01 119.4 ± 0.3 115.6 ± 3.5
J182503−085445 22.00 +1.74 −1.16 ± 0.02 117.1 ± 0.5 118.8 ± 4.3
J182542−083723 22.33 +1.73 −0.72 ± 0.01 445.1 ± 1.1 431.1 ± 15.0
J183942−101038 22.54 −2.05 −0.85 ± 0.02 108.0 ± 0.5 109.9 ± 3.8
J184750−110658 22.61 −4.25 −0.75 ± 0.01 250.8 ± 0.6 254.7 ± 9.0
J184911−111241 22.68 −4.59 −1.04 ± 0.01 218.0 ± 0.3 215.0 ± 6.5
J182530−080945 22.71 +1.99 −0.57 ± 0.02 167.4 ± 0.7 169.8 ± 5.1
J184812−105133 22.88 −4.22 −0.84 ± 0.05 23.9 ± 0.2 22.9 ± 0.8
J184552−103126 22.93 −3.56 −0.43 ± 0.03 38.9 ± 0.2 66.6 ± 2.1
J181949−065524 23.15 +3.81 −0.98 ± 0.01 328.0 ± 0.8 326.2 ± 11.2
J182537−073729 23.20 +2.21 −0.20 ± 0.01 400.7 ± 0.7 364.5 ± 10.9
J182431−072714 23.23 +2.53 −0.64 ± 0.01 308.7 ± 0.7 312.6 ± 11.1
J182920−073400 23.68 +1.42 −0.51 ± 0.04 115.9 ± 1.1 92.2 ± 3.3
J184644−094654 23.68 −3.41 −0.94 ± 0.01 186.7 ± 0.4 198.5 ± 6.0
J184547−093821 23.70 −3.14 −0.75 ± 0.06 27.0 ± 0.3 158.0 ± 4.8
J183052−074402 23.71 +1.01 −0.33 ± 0.05 89.1 ± 0.9 83.1 ± 2.9
J182043−062415 23.71 +3.86 −0.78 ± 0.02 87.1 ± 0.4 82.6 ± 2.5
J185239−101324? 23.95 −4.91 −0.61 ± 0.01 579.9 ± 0.9 425.8 ± 14.0
J183902−083023 23.95 −1.14 −0.97 ± 0.02 214.3 ± 0.8 221.2 ± 8.5
J182104−060915 23.98 +3.90 −0.90 ± 0.02 127.1 ± 0.6 123.9 ± 3.7
J183321−073121 24.18 +0.56 −0.64 ± 0.03 538.9 ± 3.9 489.0 ± 17.3
J183409−071802? 24.47 +0.49 +0.29 ± 0.02 5282.3 ± 27.5 4091.2 ± 135.3
J185030−090659? 24.70 −3.94 −0.64 ± 0.01 538.9 ± 0.7 470.6 ± 16.5
J184249−075604? 24.89 −1.71 −0.63 ± 0.00 1541.7 ± 1.2 1074.8 ± 38.0
J182351−052429 24.96 +3.63 −0.59 ± 0.04 73.9 ± 0.6 75.6 ± 2.7
J182111−050219 24.98 +4.39 −0.47 ± 0.01 448.7 ± 0.8 404.8 ± 14.2
J184629−081333 25.05 −2.65 −0.95 ± 0.01 156.5 ± 0.4 163.8 ± 5.8
J182013−042541 25.41 +4.89 −0.78 ± 0.01 806.3 ± 1.4 793.1 ± 27.4
J184511−060146 26.85 −1.36 −0.58 ± 0.03 104.1 ± 0.7 102.9 ± 3.6
J183253−042628 26.86 +2.09 −0.91 ± 0.01 168.0 ± 0.4 168.3 ± 5.9
J182634−030927 27.27 +4.08 −0.71 ± 0.01 410.6 ± 0.9 408.0 ± 12.2
J183847−040042 27.92 +0.98 −0.75 ± 0.00 747.1 ± 0.8 743.0 ± 26.1
J183400−030340 28.22 +2.48 −1.04 ± 0.01 368.1 ± 0.4 364.3 ± 10.9
J185054−050942 28.27 −2.23 −0.65 ± 0.01 230.9 ± 0.4 240.4 ± 7.2
J184415−041757? 28.29 −0.36 0.00 ± 0.02 1432.1 ± 7.6 366.5 ± 12.9
J185523−053804 28.36 −3.44 −0.92 ± 0.02 65.3 ± 0.3 64.4 ± 2.4
J183652−024606 28.81 +1.97 −1.14 ± 0.01 260.6 ± 0.5 248.3 ± 8.8
J185744−052527? 28.81 −3.87 −0.78 ± 0.02 137.5 ± 0.5 116.9 ± 4.1
J183939−030047 28.91 +1.24 −0.73 ± 0.02 266.3 ± 1.0 257.3 ± 8.4
J183717−015034 29.68 +2.30 −0.85 ± 0.01 730.2 ± 1.4 716.7 ± 23.4
J182900−002018 30.07 +4.84 −0.76 ± 0.01 217.4 ± 0.4 215.6 ± 7.6
J184124−015255? 30.11 +1.37 −0.64 ± 0.01 6663.2 ± 7.5 3050.5 ± 98.8
J183840−012957? 30.14 +2.16 −0.96 ± 0.02 290.8 ± 1.3 198.8 ± 7.0
J183551−005941 30.27 +3.01 −0.95 ± 0.01 220.8 ± 0.4 219.6 ± 7.8
J190014−033504 30.74 −3.59 −0.81 ± 0.01 187.2 ± 0.4 183.3 ± 5.5
J184959−013256 31.39 −0.38 −0.93 ± 0.01 1523.4 ± 4.1 1459.8 ± 43.8
J183838+000858 31.60 +2.92 −0.69 ± 0.01 196.5 ± 0.3 169.3 ± 5.1
? Spatially blended source (see Appendix A)
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Table B1. (Continued) Total Intensities and Spectral Indices of On-axis Targets
Target Source ` b α S1.4GHz SNVSS
(NVSS) (◦) (◦) (mJy) (mJy)
J183418+004852? 31.70 +4.18 −0.71 ± 0.01 446.8 ± 0.7 442.6 ± 13.9
J183931+001447 31.79 +2.76 −1.03 ± 0.02 84.7 ± 0.3 80.9 ± 2.5
J183307+011535 31.97 +4.65 +0.26 ± 0.00 484.3 ± 0.5 489.5 ± 14.7
J183437+010519 31.98 +4.24 −0.49 ± 0.02 100.3 ± 0.6 94.7 ± 2.9
J185822−013654 32.28 −2.28 −0.78 ± 0.01 429.1 ± 0.7 406.1 ± 12.2
J184704−000446 32.36 +0.93 −0.18 ± 0.02 428.2 ± 1.5 409.5 ± 13.8
J190833−023000 32.65 −4.95 −0.80 ± 0.01 190.7 ± 0.4 183.8 ± 5.5
J183511+014620? 32.66 +4.42 −0.91 ± 0.01 905.5 ± 0.9 483.9 ± 14.5
J183337+020355 32.74 +4.91 −0.91 ± 0.01 468.9 ± 0.5 458.4 ± 13.8
J184821+001108? 32.75 +0.77 −0.25 ± 0.03 300.3 ± 2.0 135.6 ± 4.9
J185351−002508 32.84 −0.73 −0.68 ± 0.03 185.5 ± 1.1 193.6 ± 6.9
J185751−004817 32.95 −1.80 −0.79 ± 0.01 777.3 ± 1.0 722.5 ± 25.4
J190042−005151 33.22 −2.46 −1.10 ± 0.01 222.6 ± 0.6 218.0 ± 7.7
J190407−011342 33.29 −3.38 −0.40 ± 0.01 291.3 ± 0.6 332.7 ± 11.8
J185146+003532 33.50 +0.19 −0.36 ± 0.02 1008.9 ± 6.3 839.9 ± 29.6
J190832−011929 33.70 −4.41 −0.37 ± 0.02 105.5 ± 0.3 116.0 ± 3.5
J184755+012221 33.75 +1.41 −0.08 ± 0.03 94.0 ± 0.6 99.8 ± 3.0
J185857+000727 33.90 −1.61 −0.80 ± 0.02 273.1 ± 1.0 290.2 ± 9.8
J190017+000355 34.00 −1.94 −0.50 ± 0.01 361.3 ± 0.6 338.4 ± 10.2
J184435+020933 34.07 +2.51 −0.60 ± 0.03 65.9 ± 0.4 62.5 ± 2.3
J190831−004855 34.16 −4.17 −0.47 ± 0.04 45.8 ± 0.4 57.5 ± 2.1
J191010−005622 34.23 −4.60 −0.93 ± 0.03 37.1 ± 0.2 32.6 ± 1.1
J190532−000941 34.40 −3.21 −1.11 ± 0.02 179.7 ± 0.7 176.9 ± 6.3
J190559+000721 34.70 −3.18 −1.13 ± 0.01 181.8 ± 0.5 192.4 ± 6.8
J190655+000339? 34.75 −3.42 −1.18 ± 0.06 84.4 ± 0.9 37.2 ± 1.5
J190741+000038 34.80 −3.61 −1.04 ± 0.01 249.9 ± 0.5 246.4 ± 7.4
J183848+040424 35.13 +4.66 −0.39 ± 0.00 683.3 ± 0.7 666.2 ± 20.0
J185515+021054 35.31 +0.15 −0.06 ± 0.08 93.2 ± 1.9 84.6 ± 2.6
J191133+001449 35.45 −4.36 −0.58 ± 0.02 117.3 ± 0.5 117.6 ± 4.6
J190426+011036 35.46 −2.36 +0.36 ± 0.05 80.5 ± 0.8 61.7 ± 1.9
J185114+025939 35.57 +1.41 −0.84 ± 0.00 529.3 ± 0.6 510.8 ± 15.3
J184320+040256 35.62 +3.65 −0.82 ± 0.01 115.8 ± 0.3 112.6 ± 3.4
J190944+005558? 35.85 −3.65 −0.91 ± 0.01 262.6 ± 0.7 121.2 ± 4.3
J191417+002421 35.91 −4.90 −0.83 ± 0.04 52.7 ± 0.4 57.7 ± 2.1
J190712+012709 36.02 −2.84 −0.37 ± 0.01 703.8 ± 0.7 712.2 ± 21.4
J185213+033255 36.18 +1.44 −0.57 ± 0.02 223.4 ± 0.8 234.3 ± 7.0
J185837+024518 36.20 −0.34 −0.82 ± 0.04 98.0 ± 0.9 93.6 ± 3.4
J184500+043812 36.33 +3.54 −0.84 ± 0.05 54.0 ± 0.5 54.3 ± 2.0
J184604+043450 36.40 +3.28 −0.27 ± 0.02 84.7 ± 0.4 93.5 ± 2.8
J185802+031316 36.55 +0.00 −0.15 ± 0.01 1011.2 ± 2.0 1089.6 ± 32.7
J185306+044052 37.29 +1.76 −1.03 ± 0.03 63.9 ± 0.4 48.2 ± 1.5
J184718+055022? 37.67 +3.57 −0.67 ± 0.03 136.8 ± 0.7 101.5 ± 3.5
J184438+062651 37.91 +4.44 −1.04 ± 0.02 180.1 ± 0.6 186.1 ± 5.6
J191406+025549 38.13 −3.70 −0.51 ± 0.02 82.3 ± 0.3 83.1 ± 2.5
J184432+064257 38.14 +4.58 −0.82 ± 0.00 806.5 ± 0.6 794.3 ± 23.8
J185513+052158 38.14 +1.60 −0.76 ± 0.02 123.4 ± 0.6 111.4 ± 4.0
J184919+063211 38.52 +3.44 −0.43 ± 0.06 23.2 ± 0.3 24.5 ± 0.9
J191325+034308? 38.76 −3.18 −0.77 ± 0.01 601.6 ± 1.1 396.9 ± 13.1
J191849+030442 38.81 −4.67 −0.94 ± 0.01 540.2 ± 0.7 550.7 ± 19.3
J184753+071538 39.00 +4.09 −0.45 ± 0.02 194.0 ± 0.6 196.5 ± 6.6
J190343+055256 39.56 −0.04 −0.41 ± 0.04 513.4 ± 4.4 477.3 ± 14.3
J190043+064546 40.01 +1.03 −0.84 ± 0.01 129.2 ± 0.4 127.4 ± 3.8
J191725+044236 40.10 −3.61 −0.39 ± 0.01 211.2 ± 0.6 193.9 ± 5.8
J192049+042052 40.17 −4.52 −1.01 ± 0.01 206.3 ± 0.5 216.6 ± 6.5
J190734+060446 40.18 −0.80 −0.97 ± 0.01 283.8 ± 0.6 270.2 ± 8.1
J191840+043932 40.20 −3.91 −1.08 ± 0.06 31.2 ± 0.3 29.8 ± 1.0
J184731+090047 40.53 +4.96 −0.69 ± 0.01 173.9 ± 0.5 174.1 ± 5.7
J192258+044354 40.76 −4.82 −0.49 ± 0.04 97.2 ± 0.7 104.8 ± 3.8
? Spatially blended source (see Appendix A)
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Table B1. (Continued) Total Intensities and Spectral Indices of On-axis Targets
Target Source ` b α S1.4GHz SNVSS
(NVSS) (◦) (◦) (mJy) (mJy)
J192243+045126 40.84 −4.71 −0.80 ± 0.01 929.7 ± 1.0 909.5 ± 27.3
J191310+064158 41.37 −1.75 −0.79 ± 0.02 82.6 ± 0.4 80.5 ± 2.5
J184951+094850 41.51 +4.81 −0.87 ± 0.02 99.9 ± 0.4 102.9 ± 3.7
J191917+061942 41.75 −3.27 −0.28 ± 0.02 262.0 ± 1.1 262.3 ± 7.9
J190614+084226 42.36 +0.70 −0.79 ± 0.06 45.8 ± 0.6 42.3 ± 1.4
J185557+102011 42.66 +3.70 −0.81 ± 0.00 353.2 ± 0.3 353.6 ± 10.6
J192233+071048 42.88 −3.59 −0.55 ± 0.01 129.9 ± 0.3 128.9 ± 3.9
J190741+090717 42.90 +0.57 −0.60 ± 0.01 647.8 ± 1.7 566.8 ± 20.0
J192245+073933 43.33 −3.40 −0.53 ± 0.02 188.6 ± 0.8 193.6 ± 6.8
J192820+070355 43.46 −4.91 −0.84 ± 0.02 223.1 ± 0.7 245.0 ± 8.3
J191906+081920 43.49 −2.30 −0.84 ± 0.02 84.5 ± 0.4 82.3 ± 2.5
J185728+111021? 43.57 +3.75 −0.76 ± 0.01 221.9 ± 0.4 120.6 ± 4.3
J191641+090147 43.84 −1.44 −1.01 ± 0.07 37.6 ± 0.5 32.8 ± 1.1
J185952+112514 44.06 +3.34 −0.77 ± 0.03 120.3 ± 0.6 124.0 ± 4.3
J190323+112905 44.51 +2.60 −1.16 ± 0.01 260.2 ± 0.4 283.6 ± 9.9
J192840+084849 45.04 −4.15 −0.31 ± 0.00 428.0 ± 0.4 466.5 ± 14.0
J192355+094424 45.31 −2.68 −0.91 ± 0.01 336.7 ± 0.5 343.9 ± 11.8
J185923+125912 45.41 +4.15 −1.00 ± 0.00 2880.8 ± 1.5 2875.9 ± 86.3
J191005+114748 45.54 +1.28 −0.88 ± 0.01 755.5 ± 1.3 752.1 ± 23.8
J191000+122524 46.09 +1.59 −0.84 ± 0.01 208.7 ± 0.6 206.8 ± 7.2
J192922+095808? 46.14 −3.76 −0.96 ± 0.01 1093.2 ± 1.2 1099.0 ± 35.3
J191733+114215 46.31 −0.38 +0.81 ± 0.07 86.7 ± 1.5 76.0 ± 2.3
J190501+132047 46.35 +3.09 −0.87 ± 0.01 252.7 ± 0.6 246.5 ± 8.6
J193434+104340 47.43 −4.52 −0.06 ± 0.02 120.0 ± 0.4 149.8 ± 4.5
J190247+145137 47.46 +4.26 −0.23 ± 0.01 195.3 ± 0.5 197.5 ± 7.6
J193357+105642 47.54 −4.28 −0.85 ± 0.01 177.5 ± 0.4 173.4 ± 5.2
J191025+140125? 47.56 +2.24 −0.91 ± 0.02 556.2 ± 1.9 249.3 ± 8.7
J192540+122738 47.91 −1.77 +0.10 ± 0.01 180.7 ± 0.3 138.9 ± 4.2
J190451+152148 48.13 +4.05 −0.82 ± 0.00 1096.2 ± 0.8 1084.4 ± 35.6
J190414+153638 48.28 +4.29 −0.01 ± 0.01 288.1 ± 0.5 283.2 ± 8.5
J192458+130033? 48.31 −1.36 −1.11 ± 0.07 295.5 ± 3.4 153.8 ± 5.5
J190655+152342 48.39 +3.62 −0.56 ± 0.01 133.0 ± 0.3 125.9 ± 3.8
J193335+120844 48.56 −3.62 −0.47 ± 0.03 65.3 ± 0.4 59.9 ± 1.8
J190355+160147 48.62 +4.55 −0.74 ± 0.01 239.7 ± 0.4 245.8 ± 8.5
J191644+150349 49.19 +1.37 −0.90 ± 0.01 442.4 ± 0.7 457.8 ± 16.1
J192517+135919 49.21 −0.97 −0.85 ± 0.07 1174.0 ± 14.7 1044.3 ± 35.3
J190516+163706 49.30 +4.53 −0.64 ± 0.01 560.0 ± 0.7 605.3 ± 20.3
J193302+131335 49.44 −2.98 −0.67 ± 0.01 1043.3 ± 1.4 1068.5 ± 36.8
J191133+161431 49.65 +3.02 −1.11 ± 0.00 610.9 ± 0.5 592.3 ± 17.8
J191158+161147 49.66 +2.91 −0.23 ± 0.00 486.3 ± 0.4 394.9 ± 11.9
J190901+163944 49.75 +3.75 −0.75 ± 0.00 521.5 ± 0.5 516.8 ± 18.2
J191219+161628 49.77 +2.87 −0.94 ± 0.01 469.3 ± 0.5 472.0 ± 16.7
J192835+142156 49.92 −1.49 −2.39 ± 0.14 37.6 ± 0.8 30.8 ± 1.4
J192910+141952 49.96 −1.63 −0.87 ± 0.03 82.6 ± 0.6 93.8 ± 3.4
J191649+155836 50.00 +1.77 −0.68 ± 0.01 321.9 ± 0.6 326.7 ± 10.9
J191549+160834 50.04 +2.06 −0.93 ± 0.01 128.5 ± 0.4 127.2 ± 3.8
J194012+125809 50.06 −4.64 −0.79 ± 0.01 178.4 ± 0.5 172.9 ± 6.0
J191414+163640 50.28 +2.62 −0.39 ± 0.01 212.0 ± 0.4 218.0 ± 6.6
J192439+154043 50.63 −0.03 +0.06 ± 0.01 432.8 ± 1.3 364.4 ± 10.9
J193939+134604? 50.70 −4.13 −0.37 ± 0.02 111.5 ± 0.5 81.3 ± 2.5
J192032+162557 50.82 +1.20 −0.74 ± 0.03 75.3 ± 0.5 80.4 ± 3.0
J192203+162243 50.95 +0.85 −1.09 ± 0.01 289.9 ± 0.8 279.4 ± 9.8
J193306+145624 50.95 −2.17 −0.80 ± 0.01 416.1 ± 1.0 400.8 ± 12.0
J193321+150446 51.10 −2.16 −0.20 ± 0.01 394.3 ± 0.7 499.5 ± 15.0
J193052+153235 51.22 −1.41 −0.26 ± 0.01 686.0 ± 0.8 640.8 ± 19.2
? Spatially blended source (see Appendix A)
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Table B2. Total Intensities and Spectral Indices of Off-axis Targets
Target Source ` b α S1.4GHz SNVSS
(NVSS) (◦) (◦) (mJy) (mJy)
J183756−112202 21.28 −2.21 −0.32 ± 0.13 21.6 ± 0.6 24.2 ± 1.2
J184555−115813 21.64 −4.22 −0.68 ± 0.06 28.4 ± 0.3 31.5 ± 1.4
J182535−083948 22.28 +1.74 +0.04 ± 0.10 19.8 ± 0.4 26.5 ± 0.9
J183931−101336 22.48 −2.03 −0.27 ± 0.03 75.9 ± 0.5 72.0 ± 2.7
J184906−111430 22.64 −4.59 −1.33 ± 0.03 47.5 ± 0.3 44.4 ± 1.4
J184808−105535 22.82 −4.23 −1.32 ± 0.05 24.0 ± 0.2 22.8 ± 0.9
J184541−093643 23.72 −3.10 −1.03 ± 0.01 160.4 ± 0.3 26.3 ± 0.9
J185027−091037 24.64 −3.96 −0.72 ± 0.01 368.2 ± 0.7 372.5 ± 13.0
J182058−050223 24.95 +4.44 −0.66 ± 0.01 280.5 ± 0.7 279.3 ± 9.8
J184617−081126 25.05 −2.59 −0.24 ± 0.04 32.5 ± 0.3 39.9 ± 1.7
J182644−030952 27.29 +4.04 −0.33 ± 0.06 41.7 ± 0.5 41.4 ± 1.3
J183414−030119 28.28 +2.44 +0.02 ± 0.01 255.3 ± 0.5 266.4 ± 9.4
J183701−015140 29.63 +2.36 +0.36 ± 0.03 144.8 ± 0.9 139.8 ± 4.2
J183827−013111 30.10 +2.19 −0.28 ± 0.12 33.2 ± 0.9 23.7 ± 0.8
J183603−005747 30.32 +2.98 +0.04 ± 0.01 110.1 ± 0.4 96.6 ± 2.9
J183415+004451 31.64 +4.16 −0.25 ± 0.03 62.4 ± 0.4 67.7 ± 2.1
J183935+001547 31.81 +2.76 −0.92 ± 0.02 90.0 ± 0.3 84.7 ± 2.6
J183433+010127 31.92 +4.22 −1.57 ± 0.05 43.6 ± 0.4 39.0 ± 1.6
J185807−004834 32.97 −1.86 +0.73 ± 0.04 83.1 ± 0.8 32.5 ± 1.5
J190832−005319 34.09 −4.21 −0.15 ± 0.08 18.7 ± 0.3 35.8 ± 1.8
J190721+012341 35.99 −2.90 −0.24 ± 0.08 46.1 ± 0.6 42.6 ± 1.7
J185222+033347 36.21 +1.42 +0.02 ± 0.09 28.5 ± 0.6 34.4 ± 1.5
J191833+043928 40.18 −3.88 −1.01 ± 0.03 39.4 ± 0.3 38.1 ± 1.6
J190616+083858 42.31 +0.67 +0.60 ± 0.05 62.6 ± 0.8 52.5 ± 2.1
J192802+070219 43.40 −4.85 −0.87 ± 0.04 59.7 ± 0.5 65.9 ± 2.0
J191630+090223 43.83 −1.39 −0.96 ± 0.05 59.8 ± 0.6 54.2 ± 1.7
J190319+112950 44.51 +2.62 −1.11 ± 0.01 246.1 ± 0.4 264.2 ± 9.2
J190235+145023 47.41 +4.30 −0.74 ± 0.02 86.6 ± 0.4 93.1 ± 3.2
J190653+152650 48.43 +3.65 −0.80 ± 0.02 80.6 ± 0.2 77.4 ± 2.4
J193328+120953 48.56 −3.59 −0.70 ± 0.06 24.1 ± 0.3 25.9 ± 0.9
J192030+162333 50.78 +1.19 +0.66 ± 0.11 21.7 ± 0.6 24.4 ± 0.9
J192032+162429 50.80 +1.19 −0.08 ± 0.08 29.7 ± 0.5 31.3 ± 1.0
J192157+162501 50.97 +0.89 +0.24 ± 0.01 204.8 ± 0.7 152.8 ± 4.6
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Figure C1. Faraday spectra of the on-axis sources, with the science targets sorted by Galactic longitude and followed by the on-axis polarisation leakage
calibrator J1407+2827. The Galactic coordinates of each science target source are shown in the title of each panel in the format of (`, b). Unpolarised sources
are marked by an asterisk (*) trailing the source name. The black lines show the amplitudes of the deconvolved Faraday spectra, with the red vertical bars
showing the clean components.
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Figure C1. (Continued) Faraday spectra of the on-axis sources.
MNRAS, 1–23 (2020)
8 Y. K. Ma et al.
−1000 −500 0 +500 +1000
0.00
0.01
0.02
NVSS J182111-050219 
(24.98, +4.39)
−1000 −500 0 +500 +1000
0.00
0.02
0.04
0.06
NVSS J184629-081333 
(25.05, −2.65)
−1000 −500 0 +500 +1000
0.00
0.02
0.04
NVSS J182013-042541 
(25.41, +4.89)
−1000 −500 0 +500 +1000
0.00
0.02
0.04
0.06
NVSS J184511-060146 
(26.85, −1.36)
−1000 −500 0 +500 +1000
0.00
0.01
0.02
0.03
NVSS J183253-042628 
(26.86, +2.09)
−1000 −500 0 +500 +1000
0.00
0.02
0.04
NVSS J182634-030927 
(27.27, +4.08)
−1000 −500 0 +500 +1000
0.00
0.02
0.04
NVSS J183847-040042 
(27.92, +0.98)
−1000 −500 0 +500 +1000
0.000
0.001
0.002
0.003
NVSS J183400-030340 
(28.22, +2.48)
−1000 −500 0 +500 +1000
0.00
0.02
0.04
NVSS J185054-050942 
(28.27, −2.23)
−1000 −500 0 +500 +1000
0.000
0.002
0.004
NVSS J184415-041757 
(28.29, −0.36)
−1000 −500 0 +500 +1000
0.00
0.05
0.10
NVSS J185523-053804 
(28.36, −3.44)
−1000 −500 0 +500 +1000
0.000
0.005
0.010
NVSS J183652-024606 
(28.81, +1.97)
−1000 −500 0 +500 +1000
0.00
0.05
0.10
NVSS J185744-052527 
(28.81, −3.87)
−1000 −500 0 +500 +1000
0.00
0.05
0.10
NVSS J183939-030047 
(28.91, +1.24)
−1000 −500 0 +500 +1000
0.00
0.01
0.02
0.03
NVSS J183717-015034 
(29.68, +2.30)
−1000 −500 0 +500 +1000
0.00
0.01
0.02
NVSS J182900-002018 
(30.07, +4.84)
−1000 −500 0 +500 +1000
0.0000
0.0025
0.0050
0.0075
NVSS J184124-015255 
(30.11, +1.37)
−1000 −500 0 +500 +1000
0.00
0.02
0.04
0.06
NVSS J183840-012957 
(30.14, +2.16)
FD (radm−2)
||F
|| 
(R
M
TF
−1
)
Figure C1. (Continued) Faraday spectra of the on-axis sources.
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Figure C1. (Continued) Faraday spectra of the on-axis sources.
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Figure C1. (Continued) Faraday spectra of the on-axis sources.
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Figure C1. (Continued) Faraday spectra of the on-axis sources.
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Figure C1. (Continued) Faraday spectra of the on-axis sources.
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Figure C1. (Continued) Faraday spectra of the on-axis sources.
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Figure C1. (Continued) Faraday spectra of the on-axis sources.
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Figure C1. (Continued) Faraday spectra of the on-axis sources.
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Figure C2. Faraday spectra of the off-axis sources, sorted by Galactic longitude. The Galactic coordinates of each source are shown in the title of each panel
in the format of (`, b). Unpolarised sources are marked by an asterisk (*) trailing the source name. The black lines show the amplitudes of the deconvolved
Faraday spectra, with the red vertical bars showing the clean components.
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Figure C2. (Continued) Faraday spectra of the off-axis sources.
MNRAS, 1–23 (2020)
18 Y. K. Ma et al.
Figure D1. MCMC corner plot for the model Odd 3.
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Figure D2. MCMC corner plot for the model Odd 4.
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Figure D3. MCMC corner plot for the model Odd 3+4.
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Figure D4. MCMC corner plot for the model Free 3.
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Figure D5. MCMC corner plot for the model Free 4.
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Figure D6.MCMC corner plot for the model Free 3+4.
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